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IV.— THE    REIvATION    OF    CARBON    DIOXIDE    TO 

PROTEOLYSIS    IN    THE    RIPENING   OF 

CHEDDAR  CHEESE. 

By  Lucius  L.  Van  Slykk  and  Edwin  B.  Hart. 

In  1880  Babcock^  carried  on  some  experiments  in  cheese  cur- 
ing, in  which  he  attempted  to  measure  the  amount  of  carbon 
dioxide  formed  by  cheese  in  ripening,  but  his  study  of  each 
cheese  was  limited  to  short  periods  of  time  and  the  source  of 
the  carbon  dioxide  formed  was  not  ascertained  by  him.  The 
investigation  described  in  this  paper  was  undertaken  primarily 
to  learn  to  what  extent  carbon  dioxide  is  given  off  by  Ameri- 
can Cheddar  cheese  during  long  periods  of  time  in  the  process 
of  ripening.  It  was  hoped  that  by  such  study  we  should  be 
able  also  to  learn  the  sources  of  the  carbon  dioxide  thus 
formed  and  add  to  our  knowledge  in  regard  to  some  of  the 
deep-seated  chemical  changes  occurring  in  the  ripening  of 
Cheddar  cheese. 

As  material  for  use  in  carrying  on  the  investigation,  we 
made  two  cheeses.  One  was  normal  in  every  respect ;  the 
other  was  made  from  milk  containing  chloroform  and  was 
kept  under  antiseptic  conditions,  thus  enabling  us  to  suppress 
factors  of  biological  activity.     The  study  was  continued  for 

I  Cornell  Univ.  Bxpt.  Sta.  Rept.,  pp.  9-27  (1879-80). 
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thirty-two  weeks,  at  the  end  of  which  time  we  completed  the 
work  by  making  a  study  of  the  end-products  in  each  cheese, 
including,  more  particularly,  diamido  compounds  and  their 
secondary  cleavage-products  and  tyrosine. 

EXPERIMENTAL   PART. 

Preparation  of  Cheese. 

For  each  cheese  we  used  about  20  kilograms  of  milk  that 
had  been  drawn  from  the  cows'  udders  not  more  than  three 
hours.  One  cheese  was  made  in  the  usual  manner,  being 
normal  in  every  respect.  In  making  the  other  cheese,  we 
added  to  the  milk  at  the  start  4  percent,  by  volume,  of  chloro- 
form, and  then  enough  lactic  acid  to  equal  0.2  per  cent  of  the 
milk  by  weight.  The  rest  of  the  process  of  cheese-making 
was  carried  on  in  the  usual  way.  In  both  cases  salt  was 
added  at  the  rate  of  i  part  for  400  parts  of  milk  used.  The 
normal  cheese  weighed  3,000  grams.  The  cheese  containing 
chloroform  weighed  3,203  grams,  owing  to  the  retention  of 
chloroform  and  more  water. 

Arrangements  for  Collecting  Gas  Evolved  by  Cheese. 

On  April  i,  1902,  each  cheese  was  placed  by  itself  under  a 
bell-jar,  each  bell-jar  being  connected  with  its  own  apparatus 
for  the  absorption  of  carbon  dioxide.  During  the  entire 
period  of  the  investigation  the  cheeses  were  kept  at  a  temper- 
ature of  15°. 5  C.  Through  the  bell- jars,  made  tight  by  mer- 
cury joints,  were  passed  daily  about  8  liters  of  air,  previously 
purified  by  passage  through  several  wash-bottles  containing 
potassium  hydroxide.  The  air  from  the  bell-jar  containing 
the  normal  cheese  was  passed  through  a  drying-train  of  strong 
sulphuric  acid  and  calcium  chloride  and  then  through  two 
Liebig  bulbs,  in  order  to  absorb  any  carbon  dioxide  present. 
A  water-bottle  holding  8.5  liters  was  used  as  an  aspirator. 
The  aspirator  was  started  each  morning  at  about  eight  o'clock 
and  stopped  at  5  p.m.  Over  night  a  stop-cock,  separating 
the  bell-jar  from  the  wash-bottles  containing  potassium  hy- 
droxide and  used  for  washing  the  inflowing  air,  was  closed  to 
prevent  backward  diffusion  and  consequent  loss  of  carbon  di- 
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oxide.  The  bulbs  were  weighed  daily  in  the  early  period  of 
the  experiment,  but  only  weekly  during  the  later  period. 

In  the  case  of  the  cheese  containing  chloroform,  the  air 
from  the  bell-jar  was  passed  through  sulphuric  acid  and  then 
through  silver  nitrate  solution,  in  order  to  absorb  any  hydro- 
chloric acid  formed  by  decomposition  of  chloroform.  The  air 
was  then  passed  through  three  flasks  containing  a  decinormal 
solution  of  barium  hydroxide,  to  absorb  the  carbon  dioxide, 
and  finally  through  a  potassium  hydroxide  guard.  The  same 
precaution  against  backward  diffusion  was  observed  as  in  the 
case  of  the  other  cheese.  We  could  not  employ  Liebig  ab- 
sorption-bulbs and  direct  weighing,  since  the  air  coming  from 
the  bell-jar  was  constantly  laden  with  vapor  of  chloroform. 
To  replace  the  loss  of  chloroform  caused  by  aspiration,  fresh 
portions  of  chloroform  were  added,  from  time  to  time,  through 
a  separatory- funnel  passing  through  the  top  of  the  bell-jar. 
A  small  dish  placed  on  the  top  of  the  cheese  received  the 
chloroform.  Once  a  week  the  barium  carbonate  formed  was 
filtered  through  a  weighed  Gooch  crucible,  washed  with  dilute 
ammonia,  dried,  and  weighed.  From  the  amount  of  barium 
carbonate  thus  found  the  amount  of  carbon  dioxide  was  cal- 
culated. On  April  ist  this  cheese  contained  12  per  cent  of 
chloroform,  and  on  Nov.  28th,  at  the  close  of  the  investigation, 
10.5  per  cent. 

The  normal  cheese,  before  being  placed  under  the  bell-jar, 
was  completely  covered  on  the  outside  by  a  mixture  of  vase- 
line and  creosote,  in  order  to  prevent  as  far  as  possible  the 
growth  of  any  molds  on  the  surface  of  the  cheese.  This  was 
done  at  the  suggestion  of  the  Station  bacteriologist,  Mr.  H. 
A.  Harding.  In  a  similar  experiment,  when  no  special  pre- 
cautions were  used,  Babcock^  found  it  impossible  to  prevent 
the  growth  of  molds  on  the  surface  of  cheese  contained  in  a 
moist  atmosphere  under  a  bell-jar.  He  calls  attention  to  the 
fact  that  the  growth  of  mold  was  responsible  for  the  forma- 
tion of  large  quantities  of  carbon  dioxide.  It  was  absolutely 
essential,  therefore,  that  in  our  work  we  should  eliminate  this 
source  of  carbon  dioxide,  if  we  were  to  learn  anything  definite 

1  Cornell  Univ.  Expt.  Sta.  Kept.,  p.  21  (1879-80). 
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about  other  sources  of  carbon  dioxide  formation  within  the 
cheese. 

Production  of  Carbon  Dioxide  in  Normal  Cheese. 

On  the  first  day  we  found  the  normal  cheese  had  given  off 
0.044  gram  of  carbon  dioxide,  on  the  second  day  0.0978  gram, 
on  the  third  day  o.  118  gram,  and  on  the  fourth  day  0.139 
gram.  On  the  eleventh  day,  the  maximum  daily  record  up 
to  that  time  was  made,  0,146  gram.  During  the  first  week 
we  found  0.735  gram  of  carbon  dioxide,  and  this  amount 
gradually  decreased  until  the  end  of  the  fourth  week,  when 
the  amount  was  0.364  gram.  At  this  time  the  bell- jar  was 
opened  and  samples  taken  for  chemical  analysis.  Before 
opening  the  bell-jar  the  aspiration  was  quickened  somewhat 
in  order  to  reduce  the  carbon  dioxide  in  the  bell- jar  to  the 
lowest  amount  possible.  From  the  fourth  to  the  ninth  week 
the  amount  of  carbon  dioxide  produced  increased  gradually, 
reaching  0.644  gram  for  the  ninth  week.  At  this  time  a  small 
patch  of  blue  mold,  covering  about  a  square  inch  of  surface, 
was  observed.  This  was  scraped  off  and  more  creosote  applied. 
At  the  end  of  the  eleventh  week  another  small  patch  of  blue 
mold  was  noticed  and  the  amount  of  carbon  dioxide  formed 
had  again  risen.  Again,  at  the  end  of  the  thirteenth  week, 
another  small  patch  of  mold  was  found,  and  the  amount  of 
carbon  dioxide  produced  during  this  week  was  equal  to  that 
found  during  the  first  week  of  the  experiment,  0.735  gram, 
the  maximum  weekly  yield  during  the  investigation.  The 
whole  outer  surface  of  the  cheese  was  then  treated  anew  with 
the  mixture  of  vaseline  and  creosote  and  afterwards  no  further 
trouble  was  experienced  from  the  presence  of  molds.  It  was 
very  noticeable  that  the  presence  of  mold  was  quickly  re- 
vealed by  a  sudden  and  marked  increase  in  the  amount  of 
carbon  dioxide  formed.  From  the  end  of  the  thirteenth  week 
to  the  close  of  the  investigation,  at  the  end  of  the  thirty-second 
week,  the  amount  of  carbon  dioxide  gradually  decreased,  be- 
ing only  0.224  gram  during  the  last  week. 

During  the  entire  period  of  thirty-two  weeks  the  total 
amount  of  carbon  dioxide  produced  was  15.099  grams.     This 
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is  equal  to  0.5  per  cent  of  the  fresh  cheese  and  represents  a 
loss  of  solids  equal  to  one-half  pound  for  100  pounds  of  cheese. 
Undoubtedly  other  gases  or  volatile  compounds  are  formed  in 
small  quantities,  as  shown  by  the  blackening  of  the  sulphuric 
acid  in  the  drying-train.  We  hope  to  make  later  a  more  de- 
tailed study  of  the  other  gases  formed  in  cheese  during  the 
ripening  process.  In  the  table  following  we  present  the  de- 
tailed results  of  our  work  week  by  week  : 
Table  I. — Amount  of  Carbon  Dioxide  Formed  in  Normal  Ched- 
dar Cheese  during  Each  Week  of  Investigation. 


No.  of 

Gram  of  CO2 

No.  of 

Gram  of  CO2 

No.  of 

Gram  of  COj 

week. 

formed. 

week. 

formed. 

week. 

formed. 

I 

0.735 

12 

0.406 

23 

0.462 

2 

■0.672 

13 

0.735' 

24 

0.357 

3 

0.420 

14 

0.476 

25 

0.343 

4 

0.364 

15 

0.441 

26 

0.427 

5 

0.476 

16 

0.434 

27 

0.400 

6 

0.574 

17 

0.539 

28 

0.366 

7 

0.525 

18 

0.469 

29 

0.340 

8 

0.574 

19 

0.448 

30 

0.300 

9 

0.644' 

20 

0.497 

31 

0.260 

ID 

0.539 

21 

0.539 

32 

0.224 

II 

0.651' 

22 

0.462 

Production  of  Carbon  Dioxide  in  Cheese  Containhig  Chloroform. 

In  the  cheese  containing  chloroform  we  planned  to  suppress 
all  biological  activity.  In  order  to  ascertain  how  completely 
we  succeeded  in  this  respect,  Mr.  John  Nicholson,  the  assis- 
tant bacteriologist  of  the  Station,  made  bacteriological  exam- 
inations from  time  to  time.  His  results  showed  that  the  cheese 
was  practically  sterile  throughout  the  entire  period  of  the  in- 
vestigation. 

The  quantity  of  carbon  dioxide  produced  by  this  cheese 
amounted  only  to  about  0.019  gram  a  day  during  the  first 
week,  after  which  it  fell  off  rapidly,  the  amount  during  the 
third  week  being  less  than  0.003  gram  a  day.  At  the  end  of 
three  weeks  carbon  dioxide  practically  ceased  to  be  formed. 
The  total  amount  of  carbon  dioxide  produced  by  this  cheese 
was  0.205  gram,  about  three-fourths  of  which  was  given  off 
during  the  first  nine  days. 

1  Increase  due  to  presence  of  small  amount  of  mold. 


Van  Slyke  and  Hart. 


^ 

\ 

^ 

^ 

1 

, 

\ 

Vi 

/ 

/ 

,♦ 

\ 

I 

/ 

\ 

] 

/ 

y 

^ 

-^ 

y 

V 

\ 

( 

) 

\ 

\ 

1 

\ 

\ 

) 

/ 

y 

/. 

i 

J 

V 

—. 

\ 

llilisill^l 
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In  the  accompanying  diagram  we  show  in  graphic  form  the 
amounts  of  carbon  dioxide  produced  by  the  two  cheeses  dur- 
ing the  period  of  investigation. 

Proteolytic  End-Produds  in  the  Normal  Cheese. 

At  the  end  of  thirty-two  weeks  the  normal  cheese  was  taken 
from  the  bell-jar,  the  covering  of  vaseline  and  creosote  was 
removed,  and  also  the  entire  outer  rind  of  the  cheese 
to  the  thickness  of  about  0.5  inch.  The  remainder  of  the 
cheese  was  cut  up  into  small  pieces  and  dried  at  60°  C.  for 
several  days.  It  was  then  broken  into  finer  particles  and 
again  dried,  after  which  it  was  extracted  with  ether  to  remove 
fat  and  then  reduced  to  a  finely  powdered,  white  mass.  This 
mass  was  extracted  with  several  portions  of  water  at  50°  C. 
until  about  12  liters  were  collected,  the  water-soluble  con- 
tent of  the  mass  having  been  thoroughly  extracted  by  this 
treatment.  This  extract  was  precipitated  with  tannin  and 
filtered ;  the  tannin  in  the  filtrate  was  removed  by  lead  ace- 
tate. The  resulting  precipitate  of  lead  tannate  was  filtered 
and  washed  three  times  by  suspension  in  water  and  refilter- 
ing.  The  excess  of  lead  was  removed  by  sulphuric  acid,  and 
the  last  traces  by  hydrogen  sulphide.  The  filtrate  was  then 
carefully  concentrated  at  55°  C.  to  about  4  liters,  made  acid 
with  5  per  cent  of  sulphuric  acid,  and  precipitated  with  phos- 
photungstic  acid.  The  precipitate  was  washed  with  dilute 
sulphuric  acid.  The  filtrate  from  the  phosphotungstic  acid 
precipitate  was  examined  for  tyrosine  and  the  precipitate  for 
oxyphenylethylamine  and  the  hexon  bases. 

Tyrosine. — The  filtrate  from  the  precipitate  by  phospho- 
tungstic acid  was  treated  with  barium  oxide  to  remove  the 
phosphotungstic  acid  and  the  barium  hydroxide  in  the  filtrate 
carefully  removed  by  sulphuric  acid.  This  filtrate  was  con- 
centrated to  a  small  volume.  On  standing,  crystals  separated 
from  the  solution,  having  much  the  appearance  of  tyrosine. 
These  were  filtered,  redissolved  in  water,  recrystallized  several 
times  from  water  after  concentrating  the  solution,  finally 
washed  with  alcohol,  and  dried  over  sulphuric  acid  in  vacuo. 
A  nitrogen  determination  by  the  Kjeldahl  process  gave  the 
iollowing  results : 
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Calculated  for 

CgHiiNOg.  Found. 

Tyrosine  7.68  7.73 

The  substance  gave  the  color  reactions  that  are  characteris- 
tic of  tyrosine,  and  was  undoubtedly  tyrosine.  The  separa- 
tion of  other  monamido  compounds  was  not  attempted. 

Oxyphenylethylamine. — About  one-fourth  of  the  phospho- 
tungstic  acid  precipitate,  obtained  in  the  manner  previously 
described,  was  decomposed  by  barium  oxide  and  filtered. 
The  excess  of  barium  hydroxide  was  removed  from  the  filtrate 
by  means  of  carbon  dioxide.  The  clear  filtrate  was  concentra- 
ted at  a  low  temperature  and  then  treated  with  benzoyl  chlo- 
ride in  dilute  alkaline  solution,  according  to  the  Schotten- 
Baumann  method.^  This  method  has  been  employed  by 
L^angstein^  in  the  separation  of  oxyphenylethylamine  formed 
by  an  intense  peptic  digestion  of  egg-albumin.  An  abundant 
precipitate  separated,  which  was  filtered  and  washed  with 
cold  water.  It  was  then  dissolved  in  hot  alcohol  and  evapora- 
ted to  a  small  bulk.  On  standing,  an  abundant  crop  of  crys- 
tals separated  from  the  solution,  which  were  filtered,  washed 
with  ether,  and  dried  over  sulphuric  acid  in  vacuo.  This 
product  had  a  melting-point  of  169°  C.  (uncorr.),  agreeing 
exactly  with  the  oxyphenylethylamine  obtained  by  I^ang- 
stein.  The  following  results  were  obtained  by  determining 
the  nitrogen  by  the  Kjeldahl  method  and  the  carbon  and  hy- 
drogen by  combustion  : 


Calculated  for 

CsHaNOCCsHsCO)^ 

Found. 

c 

76.50 

76.19 

H 

5-54 

5-44 

N 

4.06 

4.10 

This  product  was  unquestionably  oxyphenylethylamine, 
formed,  as  we  shall  point  out  later,  from  tyrosine  with  the  ac- 
companiment of  carbon  dioxide  as  a  by-product. 

Hexon  Bases.— Th.^  remainder  of  the  phosphotungstic  acid 
precipitate,  obtained  in  the  manner  previously  described,  was 
decomposed  by  barium  oxide  and  the  excess  of  barium  hy- 

1  Ber.  d.  chem.  Ges.,  17,  2545  (1884)  ;  19,  3218  (1886). 

2  Beit,  fiir  chem.  Physiol,  u.  Pathol.,  a,  229  (1902). 
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droxide  was  removed  by  careful  addition  of  sulphuric  acid. 
The  resulting  filtrate  was  worked  for  the  hexon  bases  accord- 
ing to  the  Kossel-Kutscher  method/ 

(i)  Arginine. — After  separating  histidine  from  the  solu- 
tion, which  should  contain  only  arginine  and  histidine,  a  de- 
termination was  made  of  the  nitrogen  in  this  solution  contain- 
ing only  arginine.  The  amount  of  arginine  thus  determined, 
equivalent  to  the  nitrogen  found,  was  only  0.364  gram,  an 
amount  too  small  to  obtain  in  the  form  of  crystals. 

(2)  Histidine. — This  substance  was  separated  as  the  dichlo- 
ride,  of  which  we  obtained  0.850  gram.  Analysis  gave  the 
following  results : 

Calculated  for 
CcHgNaOj.aHCl.  Found. 

N  18.42  18.15 

CI  31. II  30.98 

(3)  Lysine. — We  separated  about  2  grams  of  lysine  in  the 
form  of  picrate,  which  gave  the  following  results  on  analysis  : 

Calculated  for 
CeHuNsOa.CeHsNaO?.  Found. 

N  18.66  18.80 

C  38.40  38.44 

H  4.53  4-56 

(4)  Guanidine. — The  mother-liquor  from  the  lysine  pre- 
cipitate was  extracted  by  a  mixture  of  alcohol  and  ether  and 
then  treated  with  gold  chloride  in  very  dilute  hydrochloric 
acid  solution,  following  the  method  of  Winterstein  and  Thony  .^ 
On  standing,  there  soon  separated  from  the  solution  a  crys- 
talline substance,  behaving  like  a  guanidine  gold  salt,  jdeld- 
ing  about  0.300  gram,  which,  on  analysis,  gave  the  following 
results : 

Calculated  for 
CH6N3.HCI.AUCI3.  Found. 

Au  49.79  49.63 

So  small  an  amount  of  this  substance  was  obtained  that  we 
were  unable  to  make  other  determinations  to  establish  its 
identity  with  greater  certainty,  but  it  is  highly  probable  that 
the  substance  is  guanidine. 

'  Ztschr.  physiol.  Chem.,  31,  165  (1900). 
'  Ibid.,  36,  28  (1902). 
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(5)  Putrescine. — We  expected  to  separate  the  other  cleav- 
age-product of  arginine,  putrescine.  The  lysine  solution  had 
a  strong  odor  of  putrescine,  and  it  was  unquestionably  pres- 
ent, but  we  failed  in  our  efforts  to  isolate  this  base.  It  ap- 
pears probable  that  the  cleavage  of  arginine  had  only  pro- 
gressed as  far  as  the  formation  of  guanidine  and  ornithine, 
and  that  the  latter  compound  had  been  decomposed  only  to 
a  small  extent,  forming  merely  traces  of  putrescine.  The  fact 
that  the  cheese  was  of  good  flavor,  except  for  a  slight  taste  of 
creosote,  indicates  that  putrescine  could  not  have  been  pres- 
ent in  considerable  quantities. 

Proteolytic  End- Products  in  Cheese  Containing  Chloroform. 

The  cheese  containing  chloroform  was,  at  the  end  of  thirty- 
two  weeks,  treated,  preparatory  to  extraction,  in  the  manner 
described  above  in  the  case  of  the  normal  cheese.  It  was  ex- 
tracted with  several  portions  of  water  at  50°  C,  until  about  12 
liters  of  extract  were  obtained,  the  mass  having  been  com- 
pletely extracted  by  this  treatment.  The  water  extract  was 
treated  with  tannin  and  filtered,  the  tannin  removed  by 
lead  acetate,  and  the  precipitate  filtered  and  well  washed. 
The  excess  of  lead  was  removed  by  sulphuric  acid  and  the 
last  trace  by  hydrogen  sulphide.  The  filtrate  was  concentra- 
ted at  a  low  temperature,  never  above  55°  C,  to  a  small  vol- 
ume. It  was  then  precipitated  by  phosphotungstic  acid,  fil- 
tered, and  well  washed  with  dilute  sulphuric  acid. 

Tyrosine. — After  removing  the  phosphotungstic  acid  by 
barium  oxide  and  then  the  barium  hydroxide  by  careful 
treatment  with  sulphuric  acid,  the  solution  was  concentrated 
to  a  small  volume  and  set  aside  for  crystallization.  After 
standing  several  days,  there  separated  from  the  solution  a 
mixed  crystalline  and  gummy  mass.  This  precipitate  was  fil- 
tered, dissolved  in  a  small  volume  of  water,  poured  into  cold 
95  per  cent  alcohol,  and  allowed  to  stand  several  days.  A 
crystalline  precipitate  formed  at  the  bottom  of  the  solution. 
The  precipitate  was  filtered,  redissolved  in  water,  decolorized 
with  charcoal,  and  filtered.  On  concentration,  this  filtrate 
deposited  a  copious  crystalline  precipitate,  greatly  resembling 
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tyrosine  in  appearance.  These  crystals  were  washed  with 
ether  and  dried  over  sulphuric  acid  in  vacuo.  A  determina- 
tion gave  7.70  per  cent  of  nitrogen,  as  compared  with  7.73, 
calculated  for  tyrosine. 

We  were  unable  to  find  in  this  cheese  any  trace  of  oxy- 
phenylethylamine. 

Hexon  Bases. — The  phosphotungstic  acid  precipitate  was 
decomposed  by  barium  oxide,  the  barium  hydroxide  was  re- 
moved from  the  filtrate  by  sulphuric  acid,  and  then  arginine 
and  histidine  were  precipitated  by  silver  sulphate  in  barium 
hydrate  solution  in  the  usual  way. 

(i)  Arginine. — After  the  separation  of  histidine  from 
arginine,  a  determination  of  nitrogen  in  the  remaining  solu- 
tion indicated  the  presence  of  about  1.5  grams  of  arginine, 
which  is  by  far  the  largest  amount  we  have  ever  succeeded  in 
separating  from  any  cheddar  cheese  with  which  we  have 
worked.  The  solution  was  evaporated,  dilute  nitric  acid 
added,  and  then  set  aside  for  crystallization.  After  standing 
about  a  week,  the  solution  had  partly  crystallized.  These 
crystals  were  removed  by  filtration,  washed  with  absolute 
alcohol  and  ether,  and  dried  over  sulphuric  acid  in  vacuo. 
Analysis  gave  the  following  results  : 

Calculated  for 
C6H,4N402.HN08.JH20.  Found. 

N  28.45  28.32 

To  the  mother-liquor  was  added  silver  nitrate  with  2  or  3 
drops  of  dilute  nitric  acid,  and  the  solution  was  allowed  to 
evaporate  in  vacuo.  Crystals  soon  separated,  and  after  a  few 
days  the  entire  mass  was  crystalline.  The  crystals  were 
washed  with  alcohol  and  ether  and  dried  over  sulphuric  acid 
in  vacuo.     A  silver  determination  gave  the  following  results  : 

Calculated  for 
C«H,4N40,.AgNO,.HNOs.  Found. 

Ag  26.54  26.49 

We  believe  we  are  justified  in  regarding  this  substance  as 
arginine,  beyond  question.  So  far  as  we  are  able  to  learn, 
this  is  the  first  time  arginine  has  been  separated  from  a  ripen- 
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ing  cheese,  and,  in  this  case,  we  succeeded  only  when  all 
biological  factors  had  been  eliminated. 

(2)  Histidine. — This  base  was  separated  as  a  dichloride. 
Analysis  gave  the  following  results  : 

Calculated  for 
C6H9N8O2.2HCI.  Found. 

CI  31. II  31.08 

N  18.42  18.59 

(3)  Lysine. — This  substance  was  easily  separated  as  the 
picrate,  and  analyzed  as  follows  : 

Calculated  for 
CoHuNsOj.CjHjNgO:.  Found. 

N  18.69  18.78 

H  4.53  4-38 

C  38.40  38.51 

We  were  unable  to  separate  guanidine  from  the  mother- 
liquor  of  the  lysine  precipitate,  and  we  believe  it  was  not 
present.  We  were  unable,  also  to  detect  any  of  the  other 
possible  cleavage-products  of  arginine.  The  solution  con- 
taining lysine  had  no  such  odor  as  the  corresponding  solution 
obtained  from  the  normal  cheese  and  was,  indeed,  conspicu- 
ously free  from  the  putrescine  odor  that  was  so  characteristic 
of  the  lysine  solutions  obtained  from  normal  cheese  ripened  at 
about  15'. 5  C. 

Analysis  of  Cheese. 

At  intervals  determinations  were  made  of  the  moisture,  total 
nitrogen,  water-soluble  nitrogen,  and  nitrogen  in  the  form  of 
unsaturated  paracasein  lactate,  of  amido  compounds,  and  of 
ammonia.  The  results  are  given  in  the  table  on  the  follow- 
ing page. 

If  we  compare  the  two  cheeses  in  question  with  reference  to 
the  data  contained  in  the  table  on  page  13,  we  notice  : 

I .  In  respect  to  the  water-soluble  compounds  of  nitrogen, 
the  two  cheeses  did  not  greatly  differ,  the  slight  difference  be- 
ing in  favor  of  the  chloroformed  cheese.  Ordinarily,  we 
should  expect  the  normal  cheese  to  form  soluble  nitrogen 
compounds  with  somewhat  greater  rapidity  than  the  cheese 
containing  chloroform.     Two   conditions   that  were   present 
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furnish  an  explanation  of  these  unexpected  results.  In  the 
first  place,  some  of  the  creosote  used  in  coating  the  normal 
cheese  diffused  into  the  body  of  the  cheese  and  exerted  some 
antiseptic  influence,  retarding  enzyme  and  bacterial  action 
and  giving  proteolytic  results  lower  than  we  commonly  find 
in  the  case  of  normal  cheese.  In  the  second  place,  the  chloro- 
formed cheese  contained  about  lo  per  cent  more  water  than 
the  normal  cheese.  We  have  in  our  unpublished  records 
numerous  data  which  establish  the  fact  that  increase  of  mois- 
ture in  cheese  very  noticeably  increases  the  amount  of  water- 
soluble  nitrogen  compounds  formed  in  a  given  time.  At  the 
last  analysis,  the  chloroformed  cheese  was  a  month  older  than 
the  normal  cheese,  and  this  fact  also  made  greater  the  differ- 
ence in  the  amount  of  water-soluble  nitrogen  compounds  found 
in  these  analyses. 

2.  After  the  first  month  the  amount  of  amido  compounds 
formed  in  the  normal  cheese  was  greater  than  in  the  chloro- 
formed cheese. 

3.  In  the  normal  cheese  ammonia  was  formed,  though 
somewhat  less  in  amount  than  under  conditions  entirely  nor- 
mal, while  in  the  chloroformed  cheese  no  trace  of  ammonia 
was  formed. 

4.  We  have  previously^  pointed  out  that  the  formation  of 
water-soluble  nitrogen  compounds  in  cheese-ripening  appears 
to  take  place  at  the  expense  of  the  paracasein  monolactate 
(soluble  in  dilute  solutions  of  sodium  chloride).  The  figures 
in  the  preceding  table  furnish  confirmatory  evidence  of  this, 
since  the  paracasein  monolactate  diminishes  at  the  same  time 
the  water-soluble  nitrogen  increases. 

5.  The  amount  of  water-soluble  proteolytic  compounds 
formed  in  cheese  cannot  safely  be  used  as  the  sole  basis  of 
comparison  in  respect  to  the  extent  of  chemical  changes  tak- 
ing place  in  ripening  cheese.  In  the  two  cheeses  investiga- 
ted, the  amounts  of  water-soluble  nitrogen  did  not  greatly 
differ,  but  an  examination  of  the  end-products  of  proteolysis 
showed  changes  much  more  complete  in  the  case  of  the  cheese 
containing   the   smaller   amount   of   water-soluble   nitrogen. 

>  Thif  Journal,  a8,  417  (1902). 
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The  true  measure  of  cheese  ripening  must  be  found  in  the 
character  and  amount  of  the  individual  products  formed  rather 
than  in  the  total  amount  of  water-soluble  nitrogen. 

General  Summary  of  Results. 

We  now  bring  together,  in  a  form  allowing  ready  compari- 
son, the  results  that  have  been  presented  in  detail  in  the  fore- 
going pages  : 

In  Normal  Cheese.  In  Chloroformed  Cheese. 

(i)  Production  of  carbon  dioxide  : 

a.  Total  in  thirty-two  weeks,        a.  Total,  0.205  gram. 
15-099  grams. 

b.  Weekly    variation    from        b.  Ceased  entirely  after  three 
0.735  gram  in  first  week  weeks. 

to  0,224  gram  in  thirty- 
second  week. 

(2)  Proteolytic  end-products  formed  : 

a.  Tyrosine  in  small  am'ts.        a.  Tyrosine. 

b.  Oxyphenylethylamine.  b.  No  oxyphenylethylamine. 

c.  Arginine  in  traces.  c,  Arginine  in  marked  quan- 

tity. 

d.  Histidine.  d.  Histidine. 

e.  Lysine.  e.  Lysine. 

f.  Guanidine.  f.  No  guanidine. 

g.  Traces  of  putrescine.  g.  No  putrescine. 

(3)  Analysis  of  cheese. 

a.  Ammonia  formed.  a.  No  ammonia  formed. 

b.  Amido  compounds  more       b.  Amido    compounds    less 
abundant.  abundant. 

DISCUSSION   OF   RESULTS. 

We  have  seen  above  that  results  varying  in  a  most  marked 
manner  were  obtained  from  the  two  cheeses  used  in  our  inves- 
tigation. We  will  now  consider  some  of  these  differences  with 
a  view  to  finding  some  satisfactory  explanation  of  the  facts 
presented. 

The  Sources  of  Carbon  Dioxide  in  Cheese. 
What  was  the  source  of  the  carbon  dioxide  produced  in  each 
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cheese  ?  Why  did  the  normal  cheese  produce  relatively  so 
large  quantities  of  carbon  dioxide  over  so  long  a  period  of 
time,  and  why  did  the  chloroformed  cheese  produce  so  small 
quantities  and  for  so  brief  a  period  ? 

As  possible  sources  of  carbon  dioxide  in  cheese,  we  have 
(i)  the  milk  used  in  making  cheese,  (2)  the  decomposition  of 
milk-sugar  in  the  formation  of  lactic  acid,  (3)  the  respiration 
of  living  cells  present  in  the  cheese,  and  (4)  the  chemical  de- 
composition of  compounds  present  in  the  cheese.  We  will 
consider  these  separately. 

(/)  Milk  as  a  Source  of  Carbon  Dioxide  in  Cheese. — Accord- 
ing to  Marshall,^  fresh  milk,  before  exposure  to  air,  contains 
on  an  average  about  4  per  cent  of  free  carbon  dioxide  by  vol- 
ume, and  this  is  reduced  one-half  by  aeration.  In  the  amount 
of  milk  used  by  us  in  making  each  cheese,  we  should  have 
about  0.800  gram  of  carbon  dioxide.  Some  of  this  is,  of  neces- 
sity, lost  in  the  process  of  cheese-making,  but  we  could  expect 
to  retain  in  the  cheese  0.200  to  0.300  gram  of  the  carbon  di- 
oxide originally  present  in  the  milk. 

(2)  The  Decomposition  of  Milk-Sugar  as  a  Source  of  Carbon 
Dioxide  in  Cheese. — E.  Kayser*  has  shown  that  certain  lactic 
acid  bacteria  produce,  as  the  result  of  their  action  on  milk- 
sugar,  not  only  lactic  acid  but  also  certain  by-products,  among 
which  is  carbon  dioxide.  The  milk-sugar  is  undergoing  de- 
composition all  through  the  normal  process  of  cheese-making, 
and  the  carbon  dioxide  thus  formed  becomes  incorporated  in 
the  cheese  curd  to  some  extent.  In  our  normal  cheese,  the 
milk-sugar  actually  present  before  the  cheese  was  placed  un- 
der the  bell-jar  amounted  to  0.3  per  cent  of  the  cheese.  This 
was  changed  into  lactic  acid  with  the  accompanying  forma- 
tion of  carbon  dioxide  in  the  early  period  of  ripening,  and  the 
carbon  dioxide  thus  formed,  together  with  that  occluded  in 
the  cheese  mass,  can  readily  account  for  the  relatively  large 
amount  of  carbon  dioxide  found  during  the  first  week  in  the 
normal  cheese.  In  the  case  of  the  chloroformed  cheese,  a  cer- 
tain amount  of  the  milk-sugar  had  undergone  fermentation 

1  Special  Bulletin  No.  i6,  Mich.  State  Agr.  Coll.  Exp.  Sta.  (190a). 
-  Ann.  Past.,  8,  779  (1894). 
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before  chloroform  was  added,  as  shown  by  a  determination  of 
the  sugar  in  the  curd  the  day  after  the  cheese  was  made. 
The  amount  found  was  low  compared  with  the  amount  pres- 
ent in  perfectly  fresh  curd.  Such  fermentation  would  produce 
small  amounts  of  carbon  dioxide,  which  would  be  absorbed 
by  the  milk  and  pass  into  the  cheese  mass.  Carbon  dioxide 
thus  enclosed  in  a  cheese  would  again  be  given  out  into  an 
atmosphere  such  as  was  present  in  the  bell-jar,  that  is,  one 
free  from  carbon  dioxide. 

(j)  Respiration  of  Living  Cells  Present  in  Cheese  as  a  Source 
of  Carbon  Dioxide. — It  is  well  known  that  living  cells  give  off 
carbon  dioxide  as  the  result  of  respiration  processes.  It  is 
also  known  that  in  a  fresh  normal  cheese  of  the  cheddar  type 
the  number  of  micro-organisms,  generally  lactic  acid  bacteria, 
increases  rapidly  for  about  ten  days,  and  then,  after  twenty-five 
days,  falls  very  rapidly  for  a  period  of  ten  days  to  a  relatively 
small  number,  as  shown  by  Russell  and  Weinzirl.^  In  any 
case,  we  cannot  look  to  the  respiration  processes  of  living 
cells  in  cheese  as  the  source  of  the  carbon  dioxide  formed 
after  the  first  few  weeks.  As  regards  this  possible  source  o*f 
carbon  dioxide  during  the  early  age  of  a  cheese,  when  the 
micro-organisms  are  present  in  enormous  number,  we  should 
be  justified  in  expecting  that  at  this  time  the  amount  of  car- 
bon dioxide  produced  would  be  very  much  greater  than  that 
formed  later,  when  the  lactic  acid  organisms  have  largely  dis- 
appeared, if  their  respiration  is  the  source  of  any  appreciable 
amount  of  carbon  dioxide.  The  results  secured  by  us  with 
our  normal  cheese  do  not  show  that  there  was  any  such  com- 
paratively large  amount  of  carbon  dioxide  produced  at  the 
time  the  lactic  acid  organisms  were  most  abundant.  The 
somewhat  larger  amount  of  carbon  dioxide  produced  during 
the  first  two  weeks  is  undoubtedly  due  mostly  to  the  decom- 
position of  milk-sugar  and  not  to  the  respiration  processes  of 
living  cells  present  in  the  cheese.  In  the*case  of  our  chloro- 
formed cheese,  we  inhibited  the  activity  of  living  organisms 
and  this  source  of  carbon  dioxide  did  not,  therefore,  exist  in 
the  cheese. 

1  Ann.  Rept.  Wis.  Expt.  Sta.,  13,  95  (1896). 
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(4)  Chemical  Decomposition  of  Compounds  Present  in  the  Cheese^ 
— Emerson^ has  lately  shown  that  tyrosine,  through  the  action 
of  the  enzymes  of  the  pancreas,  can  be  converted  into  the  oxy- 
phenylethylamine  with  simultaneous  cleavage  of  carbon  di- 
oxide, in  accordance  with  the  following  representation  of  the. 
reaction  : 

HO.C,H,.CH,.CH(NH,).COOH  — 

HO.C,H,.CH,.CH,.  (NH,)  +  CO,. 
Langstein^  has  also  shown  the  same  reaction  in  the  case  of 
a  long-continued  peptic  digestion  of  the  coagulated  portion  of 
the  blood-serum  of  a  horse,  Ellinger^  has  shown  the  forma- 
tion of  putrescine  from  ornithine  and  of  cadaverine  from 
lysine,  with  the  splitting-off  of  carbon  dioxide,  by  the  action, 
of  bacterial  ferments.  The  following  equations  represent 
these  reactions : 

CH,(NH,).CH,.CH,.CH(NH,).COOH  := 

CH,(NH,).CH,.CH,.CH,(NH,)  +  C0,; 
CH,(NH,).(CH,)3.CH(NH,).C00H  r= 

CH,(NH,).(CH,)3.CH,(NH,)  +  C0,. 

lyawrow*  found  the  same  reactions  taking  place  in  an  in- 
tense peptic  auto-digestion  of  the  stomach. 

The  work  of  Nencki  and  of  Spiro*  has  demonstrated  that 
phenylethylamine  can  be  formed  from  phenylalanine  with  sep- 
aration of  carbon  dioxide. 

Of  these  different  reactions  furnishing  carbon  dioxide,  we 
find  in  the  normal  cheese  under  investigation  evidence  that 
tyrosine  has  changed  into  oxyphenylethylamine  and  that  the 
decomposition  of  arginine  has  resulted  in  the  formation  of  its 
simpler  products.  We  cannot  say  whether  Nencki's  reaction 
occurred,  by  which  phenylalanine  was  changed  into  phenyl- 
ethylamine, since  we  did  not  examine  the  cheese  for  these 
compounds.  It  is  readily  conceivable  that  such  a  change  may 
take   place,  since  E.   Fischer^   has   shown   the   presence   of 

1  Beit,  fiir  chem.  Physiol,  u.  Pathol.,  i,  501  (1902). 

-  Ibid.,  I,  507  (1902). 

«  Ber.  d.  chem.  Ges.,  31,  3183  (1S98). 

*  Ztschr.  phys.  Chem.,  i^,  312  (1901). 

5  Beit,  fiir  chem.  Physiol,  u.  Pathol.,  i,  347  (1901). 

"5  Ztschr.  physiol.  Chem.,  33,  151  (1901). 
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phenylalanine  among  the  cleavage-products  of  casein.  There 
probably  await  discovery  other  similar  reactions,  now  un- 
known, bearing  on  the  formation  of  carbon  dioxide  in  pro- 
teolytic changes. 

It  appears  to  us  that  the  carbon  dioxide  formed  after  the 
first  few  weeks  of  ripening,  in  the  case  of  the  normal  cheese, 
must  have  come  very  largely  from  the  decomposition  of  some 
-compounds  present  in  the  cheese,  among  which  we  were  able 
to  identify  the  change  of  tyrosine  and  arginine  into  derived 
products  with  simultaneous  formation  of  carbon  dioxide.  In 
the  case  of  the  different  normal  cheddar  cheeses  that  we  have 
previously  investigated,  the  arginine  and  tyrosine  commence 
to  undergo  proteolytic  change  quite  early  in  the  ripening  pro- 
cess. 

Reviewing  briefly  our  discussion  about  the  sources  of  car- 
bon dioxide  in  cheese,  we  believe,  from  the  evidence  fur- 
nished, that  the  carbon  dioxide  given  off  in  the  early  age  of 
the  normal  cheese  came  largely  from  the  decomposition  of 
milk-sugar  by  lactic  acid  organisms,  while  a  small  amount 
was  probably  due  to  the  carbon  dioxide  present  in  the  milk 
and  to  the  respiration  of  living  organisms  present  in  the  cheese. 
The  carbon  dioxide  produced  after  the  first  few  weeks  could 
apparently  come  only  from  the  decomposition  of  some  com- 
pounds present  in  the  cheese,  and  we  were  able  to  identify 
among  such  sources  of  carbon  dioxide  the  cleavage  of  tyro- 
sine and  of  arginine. 

In  the  case  of  the  chloroformed  cheese,  none  of  the  carbon 
dioxide  could  have  come  from  the  respiration  of  living  cells  or 
the  decomposition  of  compounds  like  arginine  and  tyrosine. 
The  amount  of  carbon  dioxide  originally  present  in  the  milk, 
combined  with  that  formed  in  the  milk  from  the  decomposi- 
tion of  milk-sugar  before  treatment  with  chloroform,  was  suf- 
ficient to  furnish  the  small  amount  that  was  given  off  by  this 
■cheese. 

Cause  of  Difference  in  Behavior  of  Normal  Cheese  and  Chloro- 
formed Cheese. 

We  have  seen  that,  in  the  chloroformed  cheese,  only  an  in- 
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significant  amount  of  carbon  dioxide  was  present,  and  after 
three  weeks  practically  none  was  found.  In  the  normal 
cheese,  carbon  dioxide  was  found  in  relatively  large  quanti- 
ties, and,  even  at  the  end  of  thirty-two  weeks,  more  carbon 
dioxide  was  being  formed  in  one  week  than  the  total  amount 
produced  in  the  other  cheese.  Why  should  there  have  been 
so  marked  a  difference?  The  answer  to  this  question  in- 
volves a  consideration  of  the  causes  that  produce  the  proteo- 
lytic changes  observed  in  the  normal  cheese-ripening  process. 
The  agencies  sharing  in  this  work  are  the  following,  so  far  as 
we  know  at  present :  (i)  Some  acid,  (2)  enzymes  present  in 
the  milk  before  it  is  made  into  cheese,  chief  of  which  is  galac- 
tase,  (3)  pepsin  and  pseudopepsin,  added  with  rennet  in  the 
process  of  cheese-making,  and  (4)  micro-organisms,  chiefly 
bacteria. 

In  the  case  of  our  chloroformed  cheese  we  had  present,  of 
these  different  agencies,  acid,  galactase,  and  rennet-pepsin. 
These  agencies,  under  the  conditions  of  our  experiment,  were 
unable  to  split  carbon  dioxide  from  tyrosine  with  the  forma- 
tion of  oxyphenylethylamine,  or  change  arginine  into  those 
of  its  products  that  we  have  commonly  found  in  cheese  ripen- 
ing normally.  As  previously  stated,  this  is  the  first  instance 
in  our  knowledge  in  which  arginine  has  been  found  in  ripen- 
ing cheese,  and  we  were  able  to  find  it  only  because  we  had 
inhibited  the  action  of  living  organisms.  These  facts  suggest 
strongly  that  the  active  cause  in  our  normal  cheese  that  was 
responsible  for  the  deep-seated  proteolysis,  accompanied  by 
the  production  of  carbon  dioxide,  was  a  biological  factor. 

It  may  be  thought  that  our  results  fail  to  agree  with  those 
of  Lawrow  cited  above,  in  which  he  succeeded  by  an  auto- 
digestion  of  a  stomach  in  obtaining  putrescine  and  cadaverine, 
probably  with  formation  of  carbon  dioxide.  It  must  be  kept 
in  mind,  however,  that  in  his  work  the  conditions  were  favor- 
able to  a  much  more  intense  reaction,  because  he  not  only  had 
a  highly  concentrated  pepsin  solution  but  he  also  kept  the 
acid  content  of  his  digesting  solution  high,  conditions  that  are 
not  present  in  cheddar  cheese. 

It  may  be  thought,  again,  that  the  activity  of  the  enzymes, 
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galactase  and  rennet-pepsin,  was  checked  in  our  one  cheese 
by  the  chloroform,  and  that  we  should,  under  the  circum- 
stances, expect  just  such  results  as  we  obtained.  In  Bulletin 
No.  203  of  this  Station,  we  have  furnished  evidence  showing 
that  chloroform  does  not  inhibit  the  action  of  galactase,  and 
we  shall  later  publish  results,  secured  in  cooperation  with  the 
bacteriological  department,  confirming  our  previous  work. 
Ivawrow's  work  showed  that  chloroform  did  not  inhibit  the 
activity  of  a  concentrated  solution  of  pepsin.  In  view  of  the 
evidence  at  hand,  it  appears  to  us  quite  improbable  that,  if 
chloroform  has  any  inhibiting  influence  on  galactase  and  ren- 
net-pepsin, we  should  find  these  two  enzymes,  under  the  con- 
ditions of  the  experiment,  able  to  furnish  such  end-products 
as  arginine,  lysine,  and  tyrosine,  but  unable  to  produce  com- 
pounds resulting  from  further  proteolysis,  such  as  putrescine, 
guanidine,  and  ammonia.  If  chloroform  interfered  with  the 
work  of  these  enzymes,  we  should  expect  either  that  there 
would  be  no  proteolysis  or  that  we  should  find  the  same  com- 
pounds that  are  formed  in  the  absence  of  chloroform  but  in 
much  smaller  quantities.  As  a  matter  of  fact,  we  find  these 
enzymes  quite  as  active  in  the  chloroformed  cheese  as  in  the 
normal  cheese  in  forming  certain  compounds,  but  they  stop 
short  in  their  work,  appearing  unable  to  produce  the  further 
cleavage  that  results  in  the  production  of  carbon  dioxide. 
This  failure  to  furnish  products  beyond  a  certain  point  seems 
to  us  to  depend  upon  other  conditions  than  the  presence  of 
chloroform. 

The  only  logical  conclusion  suggested  by  the  results  of  our 
work  appears  to  us  to  be  that  the  enzymes,  galactase  and 
rennet-pepsin,  are  able  to  furnish  such  end-products  as  argi- 
nine, lysine,  and  tyrosine  under  the  conditions  existing  in 
Cheddar  cheese  but  are  not  able  to  split  these  compounds  into 
simpler  ones  with  simultaneous  formation  of  carbon  dioxide. 
If  this  is  true,  then  we  must  look  to  some  other  source  as  the 
active  agency  in  decomposing  primary  into  secondary  cleav- 
age-products of  proteolysis  with  production  of  carbon  dioxide. 
The  only  cause  that  can  be  suggested  is  a  biological  factor. 

Several  investigators  have  made  a  study  of  the  gases  in 
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cheese,  especially  in  connection  with  the  formation  of  holes  in 
Emmenthaler  cheese  and  the  so-called  "  huffing"  common  to 
hard  cheeses,  and  they  have,  without  exception,  attributed  the 
formation  of  gases  to  micro-organisms.  Thus,  Baumann 
found  the  gas  in  cheese  examined  by  him  to  consist  of  63  per 
cent  of  carbon  dioxide.  In  this  particular  case  he  assigned 
Bacillus  diatryplicus  casei  as  the  cause.  I^ater  von  Klecki,*  in 
a  similar  investigation,  found  gas  produced  in  an  inoculated 
milk  containing  31.76  per  cent  of  carbon  dioxide  and  he  at- 
tributed its  formation  to  Bacillus  saccharobutyricus.  Adametz, 
Freudenreich,  and  Weigmann  have  assigned  other  organisms. 
Jensen*  suggests  that  the  gas  that  causes  holes  in  cheese  is 
mostly  carbon  dioxide,  and  that  this  comes  from  the  action  of 
lactic  acid  bacteria  upon  the  nitrogen  compounds  of  the  cheese. 
While  no  one,  probably,  has  yet  solved  the  problem  as  to 
what  specific  organism  or  organisms  are  responsible  for  the 
deep-seated  chemical  changes  occurring  in  cheese,  the  general 
tendency  has  been  to  look  to  some  biological  source  as  a 
prominent  factor  in  cheese-ripening. 

From  the  consideration  of  quite  different  data,  we  pre- 
viously* arrived  at  the  conclusion  that  there  is  a  biological 
factor  at  work  in  normal  cheese-ripening.  In  the  results  pre- 
sented in  this  paper  and  also  in  the  case  of  a  large  number  of 
results  not  yet  published,  we  always  find  that  in  a  chloro- 
formed cheese,  where  galactase  and  rennet-pepsin  are  the  only 
proteolytic  agents  present,  we  never  have  ammonia  formed, 
while  we  always  find  it  early  in  normal  cheese.  In  these 
cases  the  only  difference  appears  to  be  the  presence  or  absence 
of  a  biological  agent. 

What  specific  organism  or  combination  of  organisms  may 
constitute  this  biological  factor  in  cheese-ripening,  we  are  not 
now  able  to  say.  In  cooperation  with  the  bacteriological  de- 
partment of  this  Station,  we  have  work  in  progress  by  which 
we  hope  definitely  to  establish  whether  those  deep-seated 
chemical  changes  in  cheese-ripening,  which  cannot  be  attrib- 

»  Landw.  Versuchssta.,  4a,  181  (1892). 

«  Centrbl.  I.  Baltteriol.  u.  Parasitenlc.,  a,  ai  (1896). 

»/*jrf..  4,  217(1898). 

••  BuU.  No.  ao3,  N.  Y.  Agr.  Expt.  Sta.,  p.  244  (1901). 
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uted  to  galactase  or  rennet-pepsin,  are  due  to  lactic  acid  or- 
ganisms or  to  liquefying  bacteria  and  their  enzymes,  or  to  some 
combination  of  these. 

Summary, 

1.  The  object  of  the  work  described  in  this  paper  was  to 
ascertain  the  extent  to  which  carbon  dioxide  is  formed  in 
American  cheddar  cheese  during  long  periods  of  time  in  the 
process  of  ripening,  and  also  to  learn  the  nature  of  the  chem- 
ical changes  that  give  rise  to  the  production  of  this  gas. 

2.  Two  cheeses  were  used  for  this  study.  One  was  entirely 
normal,  the  other  was  made  from  milk  containing  chloroform 
and  kept  under  antiseptic  conditions.  The  investigation  was 
continued  thirty-two  weeks,  when  a  chemical  study  was  made 
of  the  proteolytic  end-products. 

3.  In  the  normal  cheese,  carbon  dioxide  was  given  ofi  con- 
tinuously, though  in  decreasing  quantities  after  about  twenty 
weeks,  and  had  not  ceased  at  the  end  of  thirty-two  weeks. 
The  total  amount  thus  produced  was  15.099  grams,  equal  to 
0.5  per  cent  of  the  fresh  cheese.  In  the  chloroformed  cheese, 
the  total  amount  of  carbon  dioxide  produced  was  0.205  gram, 
practically  none  being  found  after  three  weeks. 

4.  In  the  normal  cheese  the  following  end-products  of  pro- 
teolysis were  found  :  Tyrosine,  oxyphenylethylamine,  argi- 
nine  in  traces,  histidine,  lysine,  guanidine,  putrescine  in 
traces,  and  ammonia.  In  the  chloroformed  cheese  were  found 
the  same  compounds,  excepting  oxyphenylethylamine,  guan- 
idine, putrescine,  and  ammonia,  but  arginine  was  found  in 
marked  quantities  for  the  first  time  in  cheese. 

5.  A  consideration  of  the  possible  sources  of  carbon  dioxide 
in  the  two  cheeses  indicates  that,  in  the  case  of  the  chloro- 
formed cheese,  the  carbon  dioxide  came  from  that  present 
originally  in  the  milk  and  that  formed  in  the  milk  from  the 
decomposition  of  milk-sugar  before  treatment  with  chloroform. 
In  the  case  of  the  normal  cheese,  the  carbon  dioxide  given  off 
in  its  early  age  came  largely  from  the  decomposition  of  milk- 
sugar  b)'  lactic  acid  organisms,  while  a  small  amount  was 
probably  due  to  the  carbon  dioxide  present  in  the  milk  and  to 
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the  respiration  of  living  organisms  present  in  the  cheese. 
The  carbon  dioxide  produced  after  the  first  few  weeks  came 
apparently  from  reactions  taking  place  in  some  of  the  amido 
compounds,  among  which  we  were  able  to  identify  the  change 
of  tyrosine  and  arginine  into  derived  products  with  simul- 
taneous formation  of  carbon  dioxide.  Deep-seated  proteolysis 
can  take  place  without  formation  of  carbon  dioxide,  but  not 
apparently  beyond  a  certain  line  of  cleavage. 

6.  In  the  chloroformed  cheese,  the  only  active  proteolytic 
agents  were  lactic  acid,  galactase,  and  rennet-pepsin.  Under 
the  conditions  of  our  experiments,  these  agents  were  able  to 
form  neither  ammonia  nor  secondary  amido  compounds  with 
production  of  carbon  dioxide.  The  presence  of  chloroform 
could  not  account  for  this  lack  of  action.  These  results  sug- 
gest that,  in  the  normal  cheese,  there  must  have  been  some 
agent  at  work  not  present  in  the  chloroformed  cheese,  and 
that  this  extra  factor  was  of  a  biological  character. 

Geneva,  N.  Y.,  February  15, 1903. 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

CV.-ON  THE  MOLECULAR  REARRANGEMENT  OF 
IMIDOACID  ANHYDRIDES. 

By  Henry  L.  Wheeler  and  Treat  B.  Johnson. 

The  work  described  in  this  paper  was  undertaken  with  the 
object  of  investigating  the  formation  and  properties  of  some 
imidoacid  anhydrides,  compounds  which  may  be  considered 
as  substitution-products  of  the  hypothetical  monoimidoformic 
anhydride  (I.).  Derivatives  of  this  type  would  be  expected 
to  undergo  a  molecular  rearrangement  into  diacylamides  (II.), 
and  in  the  same  manner  substitution-products  of  diiraido- 
formic  anhydride  (Ill.)should  be  transformed  into  acylami- 
dines  (IV.)  : 

HC=NH       HC=0     HC=NH       HC=0 

No   —    Nnh    No   —►    Nnh 

HC=0  HCr=0  HC=NH  HC=NH 

I.  II.  III.  IV. 

This  property  could  be  predicted  from  the  fact  that  Hooge- 
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werff  and  Van  Dorp^  and  others"  have  observed  this  meta- 
static change  to  take  place  among  cyclo-compounds.  For  ex- 
ample, the  isophthalimides,  on  heating,  give  phthalimides  : 

C=NR  C=0 

C=0  C=0 

It  could  be  looked  for,  not  only  on  account  of  the  similarity 
in  structure  between  such  imido  acid  anhydrides  and  the 
imido  esters,  but  also  since  Billeter'  has  shown  that  this  rear- 
rangement takes  place  in  the  case  of  acycloimidothiocarbamic 
anhydrides.  He  states  that  a:-dimethylethyldiphenylpseudo- 
dithiobiuret  (v.),  at  100°,  is  transformed  smoothly  into  di- 
methylethyldiphenyldithiobiuret  (VI.)  : 

C,H,(C,H,)N-C=NCeH,  C«H,(C,H,)N-C=S 


> 


(CH3),N-C=S  (CH3),N-C=S 

V.  VI. 

♦ 

Werner*  found  by  the  action  of  benzhydroximic  chloride 
on  silver  benzoate  that  dibenzhydroximic  acid  (VII.)  re- 
sulted. This  oximidoacid  anhydride  was  observed  to  undergo 
a  molecular  rearrangement  at  ordinary  temperatures,  giving 
dibenzhydroxamic  acid  (VIII.).  In  this  case  the  benzoyl 
group  migrates  from  one  oxygen  atom  to  another : 

CeH5C(0.C0CeH,)=N0H     ^-^     CeH,C(OH)=NO.COC6H5. 
VII.  VIII. 

It  would  seem  probable  that,  like  the  above,  the  action  of 
anilideimide  chlorides  on  silver  salts  would  give  imidoacid 
anhydrides.  We  therefore  caused  benzanilideimide  chloride, 
in  ether  and  in  the  cold,  to  act  on  dry  silver  acetate  with  the 
hope  of  obtaining  the  following  reaction  : 

CeH5C(Cl)=:NC6H5  4- AgOCOCH,  = 

CeH,C(0C0CH3)=NC,H,  -f  AgCl. 

1  Rec.  trav.  chim.  Pays-Bas,  12,  12  ;  13,  93. 
'  Van  der  Meulen  :  Ibid.,  15,  382. 
3  Ber.  d.  chera.  Ges.,  26,  1688  (1893). 
*Ibid.,  27,  2198  (1894). 
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The  product,  however,  did  not  have  the  above  constitution. 
It  proved  to  be  identical  with  the  diacylanilide  prepared  from 
mercury  acetanilide^  and  benzoyl  chloride.  It  therefore  has 
both  acyl  groups  attached  to  nitrogen,  and  its  structure  is  to 
be  represented  by  formula  IX.,  the  following  molecular  re- 
arrangement having  taken  place  in  the  cold  : 

^NC,H,  CH3CO. 

C,H,C^  ^  >NC,H, 

^O.COCHj  CgHjCO'^ 

IX. 

When  benzanilideimide  chloride  is  allowed  to  act  in  the 
cold  on  silver  parabrombenzoate  a  well-crystallized,  stable 
substance  is  formed  which,  on  boiling  with  alkali,  gives  a 
mixture  of  the  two  anilides  and  the  two  acids.  To  determine 
the  structure  of  this  substance,  we  allowed  the  imide  chloride 
of  the  anilide  of  parabrombenzoic  acid  to  act  on  silver  ben- 
zoate,  whereupon,  instead  of  obtaining  a  different  substance, 
it  was  found  that  the  products  were  identical.  It  follows  that 
the  imidoacid  anhydrides  first  formed  in  these  reactions  un- 
dergo a  molecular  rearrangement  in  the  cold,  as  shown  by  the 
arrows : 
CeH,C(OCOCeH,Br)=NCeH,  ^ 

CeH,CON(C,H,)COCeH,Br  ^ 

BrC.H.CCOCOCeHs)  z^NCgHj. 

As  the  above  imidoacid  anhydrides  proved  to  be  so  unstable 
we  next  tried  a  different  type  of  imide  chloride,  namely,  ethyl- 
anilidochlorformate.^  This,  with  silver  benzoate,  also  gave  a 
stable  substance  which,  when  treated  with  alkali,  separated 
the  benzoyl  group.  Since  the  N-diacylanilides  that  have 
been  described  in  previous  articles  decompose  with  the  libera- 
tion of  the  lower  acyl  group,  it  would  appear  that  here  we  had 
to  deal  with  a  stable  imidoacid  anhydride.  On  the  other 
hand,  this  conclusion  was  shown  to  be  incorrect  by  the  fact 
that  the  same  substance  results  on  treating  phenylbenzimido- 
ethyl  ester  with  chlorcarbonic  ester,  a  reaction  involving  ad- 
dition which  invariably  gives  N- derivatives.' 

1  Wheeler  and  McFarUnd:  This  Journal,  18,  546  (1896). 

2  Lengfeld  and  Stieglitz  :  Ibid.,  16,  73. 

8  Wheeler  and  Walden  :  Ibid.,  19,  130 ;  ao,  64. 
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C,H,N=C(Cl)OC,H,  +  AgOCOQH,  ^ 
C.H,N=C(C«H,)0C,H,+  C1C0AH,  ^ 


CeH,N 


COC,H,  +  AgCl 
C0AH5-i-C,H,Cl' 


This  reaction  of  acid  chloride  on  the  imidoester  suggested 
that  perhaps  the  mechanism  of  the  action  of  silver  salts  on 
imide  chlorides  is  analogous, — that  the  formation  of  N-di- 
acylanilides  does  not  involve  a  molecular  rearrangement  but 
takes  place  by  addition.  A  separation  of  silver  chloride,  as 
indicated  by  the  dotted  lines  in  the  following  would  then  give 
the  diacylanilide  : 


C,H,0-C^  +  AgO.COC^H,  = 

\C1 


^NC,H,.COC,H, 


C^H^O— C— OiAg 

That  this  is  not  the  case  and  that  imidoacid  anhydrides  are 
formed  is  shown  by  experiments  with  benzanilideimide  chlo- 
ride and  silver  anisate.  In  this  case  we  isolated  three  prod- 
ucts, the  N-diacylanilide,  anisic  anhydride,  and  a  compound 
which  by  a  separate  synthesis  was  identified  as  benzoylben- 
zenyldiphenylamidine.  The  formation  of  this  amidine  deriva- 
tive and  the  anisic  anhydride  involve  the  previous  formation 
of  phenylimidobenzoicanisic  anhydride  (X.)  below.  Two 
molecules  of  this  mixed  anhydride  might  then  decompose  into 
anisic  anhydride  and  a  diimido  anhydride,  a  derivative  of  for- 
mula III.  above.  This,  by  molecular  rearrangement,  would 
be  expected  to  give  the  acylamidine. 

It  seems  more  probable,  however,  that  the  imidoacid  anhy- 
dride first  formed  partially  undergoes  a  molecular  rearrange- 
ment, while  the  remainder  acts  with  the  anilideimide  chlo- 
ride, separating  anisyl  chloride  and  forming  the  amidine : 
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^O.COCeH.OCH,  \C1 

X. 

CgH^C^  +  CH,OCeH,COCl. 

^NCeH, 

The  anisyl  chloride  thus  formed  acts  on  a  portion  of  the 
silver  anisate,  yielding  anisic  anhydride.  This  explanation 
is  the  more  probable  since  Lander^  found  that  benzoylben- 
zenyldimethylamidine  results  as  a  by-product  in  the  action  of 
benzmethylimide  chloride  on  sodium  ethylate,  that  is  to  say, 
the  imide  chloride  acts  on  the  imidoester  first  formed  in  the 
same  manner  as  above.* 

The  results  now  at  hand  afford  a  satisfactory  explanation 
for  the  behavior  of  the  sodium  and  silver  salts  of  amides  and 
anilides  with  acid  anhydrides^  and  acyl  chlorides.*  Salts 
of  the  type  C6H5C(NH)OAg  give  nitril  and  acid  with  acyl 
chlorides,  while  the  N-substituted  salts  HC(NC6H5)OAg  give 
diacylanilides.  In  both  cases  imidoacyl  anhydrides  are 
formed  as  the  first  step  of  the  reaction.  Instead  of  the  chlo- 
ride acting  by  addition,  as  previously  supposed, °  the  acyl 
group  directly  replaces  the  metal.  The  products  in  the  for- 
mer case  decompose  at  ordinary  temperatures,  while  those  in 
the  latter  rearrange  into  N-derivatives.  The  action  is  similar 
to  that  of  alkyl  halides,  but  the  imidoacid  anhydrides  undergo 
a  molecular  rearrangement  with  far  greater  ease  than  the 
imidoesters.® 

1  Proc.  Chem.  Soc.  (Loudon),  19,  15  (1903). 

8  Lander  (J.  Chem.  Soc,  81,  592  (1902))  also  found  that  benroylbenzenyldiphenyl- 
amidine  results  when  benzanilideimide  chloride  and  sodium  ethylate  react.  The  re- 
action is  simply  that  of  an  acid  chloride  on  an  imido  ester  (see  Wheeler  and  Walden  : 
Loc.  cit.). 

3  Blacher :  Ber.  d.  chem.  Ges.,  a8,  435. 

*  Wheeler  and  Boltwood  :  This  Journal,  18,  381  (1896). 
6  Wheeler  :  Ibid.,  18,  695  (1896). 

•  In  regard  to  the  molecular  rearrangement  of  imidoesters  in  general,  by  heat- 
ing with  alkyl  halides,  the  curious  fact  has  been  observed  by  Mr.  Henry  F.  Mer- 
riam  that  the  aliphatic  imidoesters  do  not  undergo  this  transformation  under  the 
same  conditions  as  those  found  to  be  successful  in  the  case  of  the  aromatic  com- 
pounds (This  Journal,  ai,  185  ;  33,  135).  For  example,  acetimidomethyl  ester  was 
heated  with  methyl  iodide  at  various  temperatures  from  100°  to  135*,  but  little,  if  any, 
molecular  rearrangement  took  place. 
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The  so-called  new  class  of  colored  organic  compounds,  or 
imidoxanthides,  which  Tschugaeff^  has  prepared  from  benz- 
anilideimide  chloride  and  certain  xanthogenic  salts,  and  which 
are  represented  as  being  formed  as  follows  : 

Q^YLSK  +  ROCS.SNa  =  ^^SK  +  NaCl, 

\C1  \SCSOR 

are  probably  not  imido  anhydrides  at  all  but  rather  dithiodi- 
acylanilides,  both  groups  being  attached  to  nitrogen.  Thio- 
diacylamides,  in  general,  are  colored. 

Mr.  George  S.  Jamieson  has  found  that  the  bright-red  prod- 
uct described  by  Tschugaeff  from  benzanilideimide  chloride 
and  potassium  xanthate  is  a  stable  substance.  On  melting  it 
forms  a  varnish  which,  when  recrystallized,  gives  the  unal- 
tered material  melting  at  the  same  temperature.  It  therefore 
probably  has  the  structure 

C,H,CS 

\nc,h, 

C.H^O.CS 

In  regard  to  cycloimidoacid  anhydrides,  it  may  be  stated  that 
there  are  three  classes  : 

(a)  The  isoimides  of  Hoogewerff  and  van  Dorp,  which  may 
be  viewed  as  derived  from  the  prototype,  formula  I.,  by  re- 
placing the  two  hydrogen  atoms  of  the  HC  groups  by  a  bi- 
valent radical.  They  contain  the  imido  group  outside  the 
ring. 

(3)  Those  which  are  derived  by  replacing  the  hydrogen  at- 
tached to  nitrogen  and  that  of  the  adjacent  HC  group,  form- 
ing a  ring  structure.  In  this  case  an  acyl  group  is  outside  of 
the  ring,  and 

{c)  Where  the  hydrogen  attached  to  nitrogen  and  that  of 
the  more  remote  HC  group  are  replaced.  This  class  contains 
the  entire  imidoacid  anh5'dride  structure  within  the  ring. 
For  example,  the  as  yet  unknown  oxygen  anhydride  of  acetyl- 
anthranilic  acid,  XI.,  which  should  give  the  acetylanthranil, 
XII.,  described  by  Bredt  and  Hof,'*  belongs  to  this  class. 

>  Ber.  d.  chem.  Ges.,  35,  2470  (1902). 
3  Ibid.,  33,  29  (1900).         * 
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,N  =  CCH,  /NCOCH, 


CeH/  I        '  -  CeH,<(, 

\C0— O  \C0 

XI.  XII. 

Apparently  no  representatives  of  class  c,  ketometaoxazines- 
or  /?-ketooxazolines,  have  been  prepared.  A  number  of 
cycloimidoacid  anhydrides  of  the  other  class  (^),  however, 
are  to  be  found  in  the  literature. 

Whether  many  of  these  compounds  are  actually  imido  an- 
hydrides or  acid  amides  is  still  an  open  question,^  and,  as  far 
as  the  authors  are  aware,  no  member  of  this  type  of  imidoacid 
anhydrides  has  been  shown  to  undergo  a  molecular  rearrange- 
ment.^ 

In  view  of  the  ease  with  which  the  above  imidoacid  anhy- 
drides undergo  a  metastatic  change,  it  seemed  that  this  prop- 
erty should  be  met  with  in  this  series  and  perhaps  could  be 
used  as  a  reliable  means  of  distinguishing  between  a  nitrogen 
and  an  oxygen  derivative. 

We  selected  for  examination  an  acetyl  derivative  of  phenyl- 
urazole.  Acree*  states  that ' '  when  the  silver  salt  of  phenylura- 
zole  is  treated  with  acetyl  chloride  in  benzene  solution  in  the 
cold,  a  reaction  slowly  takes  place  and  the  odor  of  acetyl 
chloride  disappears.  From  the  benzene  solution  there  is  ob- 
tained an  oil  having  the  constitution"  XIII.  (i-phenyl-3- 
acetylurazole)  : 

C.H.N NH 

I  i 

OC        COCOCH, 

N 
XIII. 

1  Acree  has  discussed  the  possibility  of  determining  their  structure  by  examin* 
ing  the  ease  with  which  they  are  saponified  by  boiling  with  alcohol  and  water.  An 
anhydride  should  be  readily  hydrolyzed  by  boiling  water.  This,  in  some  cases,  may 
serve  as  an  indication  of  an  anhydride  structure,  but  unfortunately  for  this  test  c«r» 
tain  acylaraides  also  liberate  an  acyl  group  by  this  treatment,  diacetanilide  for  ex- 
ample, and  it  is  reasonable  to  assume  that  beside  acetylphthalimide  many  other 
cyclotriacylamides  will  be  found  to  do  the  same.  See  Rupe  and  Labhardt :  Ber.  d. 
chem.  Ges.,  36,  1104  (1903). 

2  A  sulphur  derivative  of  this  type,  viz.,  the  monobenzoyl  derivative  of  methyl- 
aminothiopyrimidine,  has  been  shown  by  Gabriel  and  Colman  (Ber.  d.  chem. 
Ges.,  3a,  2927  (1899))  to  be  transformed  into  a  stable,  higher  melting  isomer  on  heat- 
ing. 

'This  Journal,  37,  118  (1902)  ;  Ber.  d.  chem.  Ges.,  35,553  (190a). 
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CeHjN N  CeH^N NCOCH3 


€H,COOC         COCOCH, 

N 

OC         CO 
NCOCH, 

M.  P.  H5*. 
XIV. 

M.  P.  162'. 
XV. 

When  we  undertook  to  perform  this  experiment  we  found 
that  our  results  departed  widely  from  those  of  Acree's.  On 
evaporating  the  benzene  spontaneously  we  obtained  a  beauti- 
fully crystallized  mass  of  material  and  no  oil.  The  product 
agreed  with  Acree's  only  in  one  respect — on  boiling  with  water 
it  reverted  to  phenylurazole.  It  therefore  had  the  property 
which  Acree  assigns  to  an  imidoacid  anhydride.  In  fact,  on 
heating  to  about  115°  it  melted,  then  solidified  in  the  hot 
bath,  and  did  not  melt  again  until  about  162°.  The  latter 
melting-point  is  that  assigned  by  Thiele  and  Schleussner*  to 
their  diacetylphenylurazole  which,  on  boiling  with  water, 
separates  one  acetyl  group,  giving  a  monoacetyl  derivative 
melting  at  170°*  We  found  that  our  material,  after  heating, 
behaved  in  this  manner  and  the  compounds  were  identicaf. 
This  behavior  and  the  analytical  results  show  that  the  labile 
compound  first  formed,  melting  at  115°,  is  a  diacetyl  and  not 
a  monoacetyl  derivative.  It  is  an  imidoacid  anhydride  which 
changes  into  an  amide  derivative  on  heating,  and  the  same 
molecular  rearrangement,  therefore,  occurs  in  this  series  as  in 
those  previously  considered. 

In  regard  to  the  structure  of  these  products,  it  is  probable 
that  in  the  case  of  Thiele's  monoacetyl  derivative,  not  saponi- 
fied by  water,  the  acetyl  group  is  at  2,  the  most  basic  position. 

Since  the  labile  compound,  melting  at  115°,  gives  up  both 
a,cetyl  groups  on  boiling  with  water,  one  cannot  be  at  posi- 
tion 2.  This  leaves  a  choice  of  positions  3  and  4,  3  and  5,  or 
4  and  5,  the  latter  being  the  least  probable  of  all,  while  from 
the  behavior  of  ethyl  iodide  with  the  silver  salt  described  be- 
low the  positions  3  to  5  are  most  probable  (formula  XIV.). 
The  diacetylurazole  melting  at  162°  is  best  represented  by  the 
amide  structure  shown  by  formula  XV.  ( i-phenyl-2,4-diacetyl- 

^  Ann.  Cbem.  (Liebig),  agg,  171. 
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urazole)  ;    the  molecular  rearrangement  therefore  involves  a 
double  change  as  shown  by  the  arrow. 

Several  years  ago  Dr.  Bayard  Barnes  and  the  writer'  pre- 
pared an  ethoxyphenylurazole,  soluble  in  alkali,  from  carb- 
ethoxythionurethane  and  phenylhydrazine.  To  this  sub- 
stance we  assigned  the  structure  represented  by  formula  XVI.* 

CH.N N  CeH.N NH  aH.N N 

I  II  II  i  II 

OC         COC.H.         OC         COC^H.  C.H.OC         COC.H. 

\/  \^  ^/ 

NH  N  N 

XVI.  XVII.  XVIII. 

In  his  paper  on  the  constitution  of  phenylurazole  Acree 
states  that  by  treating  the  silver  salt  of  the  urazole  with  ethyl 
iodide  an  isomeric  ethoxyphenylurazole  was  obtained.  He 
states  that  this  isomer  is  insoluble  in  alkali,  and,  therefore, 
he  assigns  the  structure  XVII.  to  the  compound. 

It  seemed  incredible  that  a  monoethyl  derivative  of  phenyl- 
urazole should  be  insoluble  in  alkali.  It  is  the  usual  ex- 
perience^ that  two  such  tautomeric  formulas  as  XVI.  and 
XVII.  represent  a  single  chemical  individual  and  not  two  dis- 
tinct substances.  In  our  work*  on  the  amidines,  we  encoun- 
tered no  case  of  isomerism  like  this. 

We  therefore  treated  the  silver  salt  of  phenylurazole  with 
ethyl  iodide  in  the  cold,  according  to  directions,  and  obtained 
an  oil  which  gradually  solidified,  as  stated  by  Acree.  This 
product  was  a  mixture  of  regenerated  phenylurazole  and  a 
compound  insoluble  in  alkali.  The  insoluble  material  had 
all  of  the  properties  which  Acree  assigns  to  the  compound, 
except  that  it  melted  at  46°  to  47°  instead  of  at  about  141^ 
Our  analytical  results  showed  conclusively  that  this  material 

1  J.  Am.  Chem.  Soc,  aa,  368  (1900). 

*  It  has  not  been  proved  that  this  substance  has  not  the  isomeric  structure,. 
i-phenyl-5-ethoxyurazole.  The  rule  which  has  been  observed  in  the  action  of 
phenylhydrazine  on  thionurethanes  (This  Journal,  37,  259  (1900)),  would  suggest, 
however,  that  formula  XVI.  is  correct. 

^Marckwald:  Ann.  Chem.  (Liebig),  386,356  (1895);  Pechmann :  Ber.  d.  chem. 
Ges.,  28,  869,  2362  (1895) ;  Dimroth  :  /did.,  3s,  1038(1902) ;  Ley  and  Holzweissig  :  Ibid., 
36,  18  (1903). 

*  This  Journal,  19,  367  (1897)  ;  Ibid.,  3o,  853  (1898) ;  Ber.  d.  chem.  Ges.,  3a,  35 
(1899). 
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is  not  a  mono-,  but  a  diethyl  derivative,  and  the  insolubility 
is  therefore  explained.  Formula  XVIII.  represents  the  struc- 
ture of  the  compound,  since  on  boiling  with  hydrochloric  acid 
it  readily  gives  off  the  ethyl  groups  and  is  converted  into 
phenylurazole.  There  is,  therefore,  no  reason  to  select  any 
other  than  the  usual  one  of  the  five  tautomeric  forms  of 
phenylurazole  as  especially  representing  its  structure.^ 

It  is  interesting  to  note  in  connection  with  the  above  molec- 
ular rearrangements  that  the  formation  of  nitrosoacid  anilides 
from  syn-  and  aw/z-diazo  acetates^  involves  a  metastatic  change 
similar  to  that  observed  by  us.  The  analogy  is  shown  on 
comparing  formulas  I.  and  II.  with  the  following  : 

N=NAr  N=0 

\o  »-  NNAr 

CHjCrrO  CH3C=0 

The  molecular  rearrangement  of  0-acetylacetoacetic  ester' 
to  the  C-isomer  is  also  comparable  to  that  which  we  describe. 

The  results  of  our  work,  so  far,  indicate  that  when  an  acyl 
derivative,  stable  on  heating,  is  obtained  from  a  compound 
having  the  structure  — CONH—  or  — C(OH)  =  N—  the  acyl 
radical  is  attached  to  nitrogen. 

EXPERIMENTAL  PART. 

Benzanilideimide  Chloride  and  Silver p-Brombenzoate. — Eight 
grams  of  the  former  and  14  grams  of  the  latter  were  suspended 
in  no  cc.  of  dry  ether  and  allowed  to  stand  at  ordinary  tem- 
perature. At  the  end  of  twelve  hours  the  imide  chloride  had 
completely  reacted  with  the  silver  salt  and  a  beautiful  mass  of 
colorless  prisms  had  separated  from  the  ethereal  solution. 
The  material  melted  at  149°  to  150°,  without  purification,  and 
when  crystallized  from  alcohol  it  melted  constantly  at  150°. 
A  nitrogen  determination  gave  : 


Calculated  for 
C2oH„02NBr. 

Found. 

3.68 

3-37 

N 

1  Compare  Busch  :  Her.  d.  chem.  Ges.,  35, 1562  (1902)  .  Knorr  :  Ibid.,  28,  708  (1895). 
*  Hantzsch  and  Wechsler  :  Ann.  Chem.  (Liebig),  325,  229  (1902). 
^  Claisen  and  Haase  :  Her.  d.  chem.  Ges.,  33,  3778  (1900)  ;  WislicenusandKorber  : 
Ibid.,  34,  318  (1901). 
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p-Brombenzanilideimide  Chloride,  BrC6H^C(Cl)=NCgH5. — 
Parabrombenzoic  anilide  (15.3  grams)  and  phosphorus  penta- 
chloride  (13.5  grams)  were  heated  to  150°  to  160°  and  the 
phosphorus  oxychloride  distilled  off  as  far  as  possible  at  this 
temperature.  On  cooling,  a  mass  of  long  needles  separated 
which,  on  washing  with  ligroin,  melted  at  about  78°.  This 
imide  chloride  was  found  to  be  very  sensitive  towards  mois- 
ture. On  attempting  to  crystallize  the  material  from  ligroin 
it  reverted  to  the  anilide.  The  material  for  use  was  distilled 
at  12  mm.  pressure,  whereupon  it  practically  all  boiled  at  200" 
to  210°,  mostly  at  205°  to  207°,  A  portion  of  this,  which 
melted  at  78°,  was  analyzed  with  the  following  result  : 

Calculated  for 
CisHgNClBr.  Found. 

N  4-75  4.87 

This  imide  chloride  is  easily  soluble  in  benzene  and  ligroin. 
p-Brombenzanilideimide  Chloride  and  Silver  Benzoate. — The 
freshly  distilled  imide  chloride  (5.7  grams)  was  dissolved  in 
dry  benzene  and  the  silver  benzoate  (6  grams)  added.  In 
this  case  the  mixture  was  warmed  for  about  one  hour  on  the 
steam-bath.  After  filtering  and  cooling,  the  benzene  deposi- 
ted minute  crystals  which,  when  crystallized  from  alcohol, 
formed  beautiful  long  needles  or  prisms.  These  melted  at 
150°  and  when  they  were  mixed  with  some  of  the  material 
prepared  in  the  opposite  way  the  melting-point  was  not  low- 
ered.    A  nitrogen  determination  gave  : 

Calculated  for 

CsoHuOoNBr.  Found. 

N  3-68  3-83 

p-Brombenzoylbenzanilide,  obtained  by  these  methods,  is 
readily  soluble  in  hot  alcohol,  but  difficultly  in  cold,  and  more 
easily  in  benzene.  When  warmed  with  alkali,  in  alcoholic 
solution,  it  gives  a  mixture  of  parabrombenzanilide,  benzani- 
lide,  benzoic,  and  parabrombenzoic  acids. 

Benzanilideimide  chloride  and  silver  acetate  reacted  slowly  in 
cold  ether.  At  the  end  of  twelve  hours  the  reaction  was  com- 
plete. On  evaporating  the  ethereal  solution  in  a  vacuum  the 
crude  crystalline  residue,  washed  with  water,  melted  at  about 
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62°  to  63°.  On  crystallizing  from  dilute  alcohol  it  melted  at 
68"  and  proved  to  be  identical  with  acetbenzanilide  previously 
described.^ 

Ethyl  Phenylimidochlorforniate  and  Silver  Benzoate. — Five 
grams  of  the  ester  and  7  grams  of  the  salt  were  mixed  in  dry 
ether  and  allowed  to  stand.  At  the  end  of  twelve  hours  the 
ether  still  contained  a  large  amount  of  chloride,  and  a  strong 
odor  of  phenylisocyanate  was  noticeable.  The  mixture  was 
then  heated  for  three  hours  on  the  water-bath,  when  it  was 
filtered  and  the  ether  evaporated  spontaneously.  A  beautiful 
mass  of  prisms  separated,  which  melted  at  about  65°.  When 
crystallized  from  alcohol  it  formed  colorless  prisms  and  melted 
at  67°  to  68°.     A  nitrogen  determination  gave : 

Calculated  for 
C10H16O3N.  Found. 

N  5.20  5-38 

Phenylimidoethyl  benzoate  and  ethyl  chlorcarhonate  did  not  re- 
act at  ordinary  temperatures  and  no  action  was  observed  when 
the  mixture  was  boiled.  Finally  a  reaction  took  place  on 
heating  in  a  closed  tube  at  120"  to  140"  for  six  hours.  When 
the  tube  was  opened,  ethyl  chloride  was  evolved  and  an  oil  was 
obtained  which  deposited  a  solid  on  stirring  with  ether.  This 
material  formed  prisms  from  alcohol,  melted  at  67",  and 
proved  to  be  identical  with  that  obtained  in  the  above  experi- 
ment. The  substance  is,  therefore,  benzoylphenylurethane, 
C^HsNCCOCeHJCOjC.Hs.  When  this  is  warmed  with  alco- 
holic sodium  hydroxide,  benzoic  acid,  and  phenylurethane  are 
obtained. 

Benzanilideimide  Chloride  and  Silver  Anisate. — Four  grams 
of  benzanilideimide  chloride  and  5.1  grams  of  silver  anisate 
were  suspended  in  dry  ether  and  allowed  to  stand  for  sixteen 
hours,  when  the  ethereal  solution  gave  no  test  for  imide  chlo- 
ride. The  ethereal  solution  was  then  filtered  and  spontaneously 
evaporated,    whereupon   a   mass   of   long,    slender,  colorless 

1  Wheeler  and  McFarland  :  This  Journal,  i8,  546  (1896).  A  sample  of  pure,  dry 
fcrmylbenzanilide,  which  originally  melted  at  112°  and  was  a  portion  of  the  analyzed 
material,  on  keeping  in  a  specimen-tube  for  seven  years,  was  found  to  have  decom- 
posed quantitatively  into  benzanilide.  The  original  prismatic  shape  of  the  crystals 
was  retained,  but  they  had  become  opaque  and  melted  sharply  at  162*. 
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prisms,  mixed  with  some  plates,  was  obtained.  The  mixture 
was  washed  with  alcohol  and  the  prisms  crystallized  from 
alcohol.  They  melted  at  97°  to  98°,  were  free  from  nitrogen, 
and  on  boiling  with  dilute  alcoholic  hydrochloric  acid  gave 
anisic  acid.  This  material  is  therefore  anisic  anhydride,  which 
is  said  to  melt  at  99°.^ 

When  water  was  added  to  the  alcoholic  washings  from  the 
above,  tables  separated.  These  melted  at  162°  to  163°,  after 
crystallizing  several  times  from  alcohol.  This  material  was 
shown  to  be  benzoylanisanilide  by  preparing  the  same  sub- 
stance from 

Phenylimidoethyl  Benzoate  and  Anisyl  Chloride. — The  anilide 
was  obtained  very  smoothly  by  heating  the  mixture  at  110°  to 
120°  for  six  to  seven  hours.  It  was  very  soluble  in  alcohol 
and  benzene  and  was  purified  by  crystallizing  from  alcohol, 
from  which  it  separated  ia  six-sided  tables  and  melted  at  162° 
to  163°.  When  mixed  with  the  above  preparation  the  melt- 
ing-point was  not  lowered.      A  nitrogen  determination  gave  : 

Calculated  for 
C2iHn03N.  Found. 

N  4.22  4.55 

In  another  experiment  the  mixture  of  benzanilideimide 
chloride  and  silver  anisate  was  boiled  in  ether  for  two  and  a 
half  hours,  when  the  reaction  was  complete.  On  evaporating 
the  ether  the  residue  consisted  of  prisms  of  anisic  anhydride 
and  a  considerable  amount  of  lozenge-shaped  crystals.  By 
fractional  crystallization  from  alcohol  a  separation  was  effected 
and  a  compound  melting  at  171°  was  isolated.  That  this  was 
not  anisic  anilide  (also  melting  at  171°)  was  shown  on  mix- 
ing, whereupon  the  mixture  melted  at  148°  to  155°.  When 
mixed  with  the  diacyl  anilide,  melting  at  162°  to  163°,  it 
melted  below  155°.  A  nitrogen  determination  agreed  with 
the  calculated  for  benzoylbenzenyldiphenylamidine  : 

Calculated  for 
CJ6H00ON2.  Found. 

N  7.4  7-7 

Benzoylbenzenyldiphenylamidine  was  prepared  for  compari- 

1  Pisani  :  Ann.  Chem.  (Liebig),  loa,  284. 
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son  by  treating  the  amidine  with  benzoyl  chloride.  The  product 
crystallized  beautifully  from  alcohol,  in  the  characteristic 
lozenge-shaped  crystals,  and  melted  at  171°.  When  mixed 
with  the  above  the  melting-point  was  not  altered.  This  sub- 
stance has  recently  been  described  by  Lander.^  He  gives  the 
melting-point  at  170°  to  172°. 

Anisanilideimide  Chloride,  CHjOCgH,C(Cl)=NC6H5,  was 
prepared  in  the  usual  manner.  It  could  not  be  distilled  under 
diminished  pressure  without  almost  complete  decomposition. 
A  portion  which  distilled  at  220°  to  230°  at  17  mm.  pressure 
solidified  on  cooling,  and  when  crystallized  from  petroleum 
ether  formed  colorless  prisms,  melting  at  70°.  With  water  it 
was  converted  into  anisanilide,  melting  at  171,°  which  is  said 
to  melt  at  168"  to  169°.^     A  nitrogen  determination  gave  : 

Calculated  for 
C14H12ONCI.  Found. 

N  5.7  6.0 

Benzanilideimide  chloride  and  silver  m-nitrobejizoate  in  ether 
reacted  with  the  greatest  ease.  In  one  hour  the  action  was 
complete  and  a  beautiful  mass  of  colorless  prisms  had  separa- 
ted from  the  ethereal  solution.  Without  purification  they 
melted  at  136°,  and  when  crystallized  from  alcohol  the  melt- 
ing-point did  not  rise  beyond  139°.  The  compound  was 
melted  and  recrystallized  without  altering  the  melting-point. 
When  warmed  with  alkali,  benzanilide  was  obtained.  A  nitro- 
gen determination  agreed  with  the  calculated  for  w-nitroben- 
zoylbenzanilide,  CeH^CONQHj.COCeH.NO^  : 

Calculated  for 
C20HUO4N0.  Found. 

N  8.09  8.37 

Labile  Diacetylpkenylurazole . — The  silver  salt  of  phenylura- 
zole  was  prepared  by  Acree's  directions  and  allowed  to  stand 
with  one  molecular  proportion  of  acetyl  chloride  in  cold  dry 
benzene  for  three  days.  Heat  was  evolved  when  the  silver 
salt  and  acid  chloride  were  brought  together.  On  sponta- 
neously evaporating  the  benzene  a  beautiful  mass  of  colorless 

»  Loc.  cit. 

*  Lossen  :  Ann.  Cheni.  (Uebig),  175,  292 :  Leuclcart :  J.  prakt.  Chem.,  41,  312. 
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prisms  was  obtained  which,  when  rapidly  heated,  melted  quite 
sharply  at  113°  to  115°.  At  about  120°  the  melted  mass  solidi- 
fied again  and  did  not  melt  completely  until  about  162°.  This 
labile  product  was  very  soluble  in  benzene.  On  warming  in 
this  solvent  and  then  precipitating  with  petroleum  ether,  ma- 
terial melting  less  sharply  was  obtained.  A  nitrogen  deter- 
mination was  therefore  made,  using  the  original  sample  : 

Calculated  for  Calculated  for 

C10H9O3N3.  C12HUO4N3.  Found. 

N  19-17  16,09  16.10 

When  this  material  was  allowed  to  digest  on  the  steam-bath 
in  dilute  alcohol  it  was  converted  into  phenylurazole. 

Stable  Diacetylphenylurazole. — Some  of  the  labile  product 
was  heated  in  an  oil-bath  at  120°  to  140°  for  a  short  time.  It 
melted  and  solidified  again  in  the  hot  bath.  On  crystallizing 
then  from  alcohol  it  melted  at  162°.  This  material  proved  to 
be  identical  with  the  diacetyl  derivative  described  by  Thiele, 
which  we  obtained  according  to  his  directions  by  heating  the 
urazole  with  acetic  anhydride.  When  the  products  were 
mixed  the  melting-point  was  not  lowered.  It  was  found  that 
Thiele's  diacetyl  derivative  could  be  crystallized  from  alco- 
hol. A  nitrogen  determination,  in  the  case  of  our  material 
melting  at  162°,  gave  : 

Calculated  for 
C12H11O4N8.  Found. 

N  16.09  16.5 

When  this  diacetyl  derivative  was  boiled  with  water  it  was 
converted  into  the  monoacetyl  derivative  described  by  Thiele, 
which  melted  at  170°. 

i-Phenyl-3 ,3-diethylurazole. — Eleven  grams  of  silver  phenyl- 
urazole and  6  grams  of  ethyl  iodide  were  mixed  in  benzene 
and  allowed  to  stand  for  thirty  hours.  The  salt  then  ap- 
peared to  be  largely  unaltered.  Six  grams  more  ethyl  iodide 
were  added  and  the  mixture  let  stand  for  forty-eight  hours 
longer.  It  was  then  filtered  and  the  benzene  was  evaporated 
on  the  steam-bath.  By  boiling  the  silver  residue  with  alco- 
hol, phenylurazole  was  obtained.     The  amount   represented 
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about  one-quarter  of  the  urazole  originally  combined  as  silver 
salt.  After  evaporating  the  benzene  an  oil  was  obtained 
which  finally  solidified.  This  solid  showed  no  definite  melt- 
ing-point. On  treating  the  solid  with  cold  ether  the  greater 
portion  dissolved,  leaving  behind  some  phenylurazole.  The 
ether  extract  was  shaken  thoroughly  with  alkali  and  washed, 
and  then  evaporated  to  dryness.  The  oil  obtained  soon 
solidified.  The  solidification  took  place  by  radiation  from 
various  points  through  the  oil  until  the  whole  solidified  to  a 
botryoidal  crystalline  mass.  When  this  cake,  melting  at  45° 
to  47°,  was  crystallized  from  ligroin  it  formed  colorless  needles 
which  melted  at  46°  to  47°.     Nitrogen  determinations  gave  : 

Calculated  for  Found. 

C10H12O2N3.  C12H16O2N3.  I.  II. 

N  20.59  18.02  17-85         18.07 

The  diethyl  derivative  insoluble  in  alkali  and  phenylura- 
zole were  the  only  products  that  we  obtained  in  this  reaction. 
The  supposed  mono-derivative  of  Acree  was  possibly  a  mix- 
ture of  about  equal  parts  of  these  compounds.  Such  a  mix- 
ture would  give  results,  on  analysis,  agreeing  with  those  for 
a  monoethyl  derivative. 

An  analysis  of  the  white  silver  salt  used  in  the  above  ex- 
periment gave  39  per  cent  silver,  while  the  calculated  for  a 
monosilver  salt  is  37.9  per  cent.  It  is,  in  all  probability,  a 
monosilver  salt.  The  fact  that  it  gives  a  diacetyl  and  a  di- 
ethyl derivative  is  a  very  curious  result.  In  all  probability  a 
portion  of  the  salt  reacts  with  ethyl  iodide  on  another  portion 
in  a  manner  similar  to  that  observed  by  Lander^  in  the  case  of 
the  action  of  silver  oxide  and  alkyl  halides  on  acid  amides. 
It  effects  alkylation  by  combining  with  hydrogen  iodide, 
which  otherwise  would  be  set  free. 

New  Haven,  Conn.,  February,  1903. 


I  J.  Chem.  Soc.  (London),  79,  698  (1901)  ;  81,  591  (1902). 


THE  ACTION  OF  OZONE,  HYDROGEN  PEROXIDE, 
ETC.,  ON  CARBON  MONOXIDE. 

By  Wm.  App  Jones. 

In  1876  Remsen  and  Southworth^  found  that  carbon  mon- 
oxide is  not  oxidized  by  ozone,  even  when  it  is  mixed  with 
ozonized  oxygen  and  placed  in  direct  sunlight.  The  ozonizer 
used  was  of  the  form  described  by  Wright.^ 

Bauniann'  showed  that  carbon  monoxide  is  oxidized  by  the 
action  of  palladium  hydrogen  and  oxygen. 

Keiser,*  repeating  some  unpublished  work  by  Broun,  found 
that  there  is  no  action  upon  carbon  monoxide  at  the  tempera- 
ture at  which  the  ozone  is  broken  down  by  heat.  No  carbon 
diojiide  is  formed  when  the  monoxide  is  passed  through  hy- 
drogen peroxide  which  is  being  rapidly  decomposed  by  heat. 
Eeeds*  and  Baumann*  state  that  the  monoxide  is  oxidized  by 
air  and  moist  phosphorus.  Keiser  repeated  this  experiment 
but  found  no  oxidation.  There  was  a  precipitation  of  barium 
carbonate  in  the  baryta  water,  but  this  was  shown  to  come 
from  carbon  in  the  phosphorus.  No  phosphorus  compounds 
were  found  mixed  with  the  barium  carbonate. 

In  the  course  of  his  work  Keiser  confirmed  the  work  of 
Traube,'  who  showed  that  carbon  monoxide  is  changed  to  di- 
oxide under  the  influence  of  palladium  and  hydrogen  per- 
oxide. 

Theoretically,  carbon  monoxide  is  an  unsaturated  com- 
pound, and  as  such  should  readily  combine  with  other  sub- 
stances. It  unites  directly  with  chlorine,  and  we  would  ex- 
pect it  to  combine  with  oxygen  without  difficulty.  The  ex- 
periments briefly  outlined  above  seem,  on  the  whole,  to  show 
that  such  is  not  the  case,  but  as  there  was  still  room  for  doubt 
it  was  suggested  by  Professor  Remsen  that  the  work  be  re- 
peated, taking  even  greater  precautions  than  ever  before. 

1  Remsen  and  Southworth  :  Am.  J.  Sci.,  [3],  11,  136  (1876)  ;  Ber.  d.  chem.  Ges.,  8, 
1415- 

2  Wright :  Am.  J.  Sci.,  [3],  4,  26  (1872). 

^  Baumann  :  Ztschr.  physiol.  Chem.,  5,  244. 

*  This  Journal,  4,  50,  454  (1882). 

6  I,eeds  :  J.  Am.  Chem.  Soc,  I,  232. 

6  Baumann  :  Ztschr.  physiol.  Chem.,  5,  250. 

^  Traube  :  Ber.  d.  chem.  Ges.,  15,  2854 ;  16,  123. 
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The  Action  of  Air  and  Carbon  Mo7ioxide  o?i  Moist  Phosphorus. 

These  experiments  were  undertaken  in  order  to  see  whether 
any  carbon  dioxide  is  formed  by  the  passage  of  air  and  carbon 
monoxide  over  moist  phosphorus.  The  apparatus  used  had 
no  cork  or  rubber  joints  and  contained  no  mercury,  unlike  the 
forms  that  had  been  used  by  previous  workers.  It  consisted 
of  a  row  of  wash-bottles  connected  by  fusing  together  their 
tubes. 

At  the  very  outset  a  serious  difficulty  was  met  with .  No  mat- 
ter what  the  rate  of  flow  of  the  air  through  the  system  of  wash- 
bottles  arranged  thus,  (i)  KOH,  (2)  Ba(OH)„  (3)  P,  (4) 
Ba(OH)j,  (5)  KOH,  although  absolutely  no  precipitate 
appeared  in  2,  a  decided  deposit  soon  formed  in  bottle  4.  By 
the  time  8  or  10  liters  of  air  had  been  passed,  a  precipitate  5 
or  6  mm.  deep  had  formed  in  the  latter  bottle. 

It  was  soon  found  that  when  fresh  phosphorus  was  intro- 
duced into  3,  a  very  much  larger  precipitate  was  formed  than 
when  the  air  had  been  passed  for  about  a  day,  and  all  the 
outside  of  the  phosphorus  had  been  burned  ofi.  Under  these 
circumstances  the  precipitate  in  4  was  slight,  but  decided, 
and  had  a  much  more  crystalline  appearance  than  that  of 
barium  carbonate.  It  was  at  once  suspected  that  some  vola- 
tile compound  of  phosphorus  had  passed  over,  and  this  was 
found  to  be  the  case  on  testing  the  precipitate  with  ammonium 
molybdate.  This  same  phenomenon  was  observed  by  Bau- 
mann,^  but  was  not  noted  by  Keiser.^  In  our  case  it  was 
found  necessary  to  introduce  at  least  three  wash-bottles,  each 
containing  about  10  cc.  of  pure  water,  between  the  bottle  con- 
taining phosphorus  and  the  one  with  the  barium  hydroxide. 
To  show  this  we  need  only  give  the  results  of  one  experiment. 
After  about  75  liters  of  air  had  been  passed  over  the  phos- 
phorus and  through  a  system  of  4  wash-bottles,  the  contents 
of  the  latter  were  carefully  transferred  to  beakers,  treated 
with  pure  nitric  acid,  and  warmed  on  a  sand-bath  in  order  to 
oxidize  any  phosphorus  compound  that  might  be  present. 
The  liquid  was  allowed  to  cool  almost  to  the  room  tempera- 

1  Ztschr.  physiol.  Chem.,  s,  250. 
*  This  Journal,  4,  454. 
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ture,  and  was  then  treated  with  a  solution  of  ammonium  mo- 
lybdate  in  nitric  acid,  and  the  ammonium  phosphomolybdate 
titrated  according  to  the  method  of  Kilgore/  The  following 
results  were  obtained.  The  bottles  are  numbered  in  order 
after  the  one  containing  the  phosphorus  : 

Bottle  I  required  8.7  cc.  of  N/7  alkali. 
"      2        "         3.3    "    "     " 
"      3        "         0.6    "    "     " 

"      4        "         0.0    "    "     "         " 

These  results  show  conclusively  that  some  compound  of 
phosphorus  is  carried  over,  and  that  several  wash-bottles 
are  required  to  remove  it  completely. 

The  apparatus  finally  used  consisted  of  a  series  of  wash-bot- 
tles fused  together,  and  arranged  as  follows  : 

(i)KOH;   (2)Ba(0H),;    (3)?;    (4)  H,0  ;    (5)  H,0 ; 
(6)  H,0;   (7)  Ba(OH),;   (8)  KOH. 

About  25  or  30  grams  of  phosphorus  were  placed  in  3, 
which  contained  about  10  cc.  of  water  through  which  the  gas 
passed  in  order  to  become  thoroughly  saturated  immediately 
before  coming  in  contact  with  the  phosphorus.  When  new 
phosphorus  was  introduced  air  free  from  carbon  dioxide  was 
passed  over  it  for  a  day  to  burn  off  the  surface.  This  precau- 
tion was  found  to  be  absolutely  necessary.  A  few  of  the  re- 
sults obtained  are  given  : 

1 .  Ten  liters  of  air  free  from  carbon  dioxide  were  passed 
and  found  to  give  no  precipitate  in  bottles  2  or  7.  Then  6 
liters  of  air  containing  approximately  3  liters  of  oxygen,  0.75 
liter  of  carbon  monoxide,  and  4.25  liters  of  nitrogen  were 
passed  through.  Time,  six  hours.  The  precipitate  in  7  was 
rapidly  filtered  and  washed,  and  then  dissolved  in  dilute  hydro- 
chloric acid,  and  precipitated  as  barium  sulphate.  Found, 
o.  1 664  gram  BaSO^, equivalent  to  0.1406 gram  BaCOj,  or  0.03 143 
gram  COj.  Three- fourths  of  a  liter  of  carbon  monoxide  should 
yield  i  .474  gram  of  carbon  dioxide.  Hence,  the  amount  found 
is  2.13  per  cent  of  the  theoretical. 

2.  Air  used,  9  liters;  carbon  monoxide,  2.75  liters.     Time, 

1  J.  Am.  Chem.  Soc,  i6,  765  ;  17,  950. 
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twelve  hours.  In  this  case  the  weight  of  barium  carbonate 
found  was  0.1872  gram,  corresponding  to  0.03533  gram  car- 
bon dioxide,  or  0.653  per  cent  of  oxidation. 

3.  The  barium  carbonate  was  decomposed  by  dilute  hydro- 
chloric acid  and  the  carbon  dioxide  liberated  was  absorbed  in  a 
weighed  potash-bulb.  Air  used,  5  liters  ;  carbon  monoxide, 
0.75  liter.  The  weight  of  carbon  dioxide  formed  was  0.031 
gram,  corresponding  to  2.102  per  cent  oxidation. 

It  will  be  noticed  that,  under  the  same  conditions,  the  re- 
sults are  the  same,  practically,  and,  as  Baumann  pointed  out, 
the  amount  of  oxidation  varies  with  the  amount  of  phosphorus 
exposed  and  the  rapidity  of  the  current. 

These  experiments  were  tried  repeatedly,  but  always  with 
the  same  result.  After  10  or  20  liters  of  air  had  been  passed 
through  the  system  and  not  the  least  trace  of  a  precipitate 
had  formed  in  the  baryta  bottle  used  as  a  test,  a  mixture  of 
carbon  monoxide  and  air  was  then  passed  through,  all  other 
conditions  being  the  same.  In  no  instance  did  a  precipitate 
fail  to  appear  in  the  baryta  bottle  after  2  or  3  liters  of  the  mix- 
ture had  been  passed  through.  Further,  every  kind  of  change 
was  made  in  the  rate  of  flow,  and  the  gases  were  mixed  in  the 
proportions  given  by  Keiser,^  and  also  by  Baumann.''  In 
every  case  there  was  evidence  of  oxidation. 

The  carbon  monoxide  was  made  from  potassium  ferro- 
cyanide  and  also  from  formic  acid. 

Baumann,^  in  one  experiment,  introduced  the  carbon  mon- 
oxide beyond  the  bottle  containing  the  phosphorus.  This 
experiment  was  repeated,  the  carbon  monoxide  being  intro- 
duced between  bottles  4  and  5.  There  was  not  the  least  trace 
of  oxidation,  thus  confirming  the  result  of  Baumann.  The 
odor  of  ozone  was,  however,  distinctly  perceptible  at  the  end 
of  the  system  of  wash-bottles. 

Hydrogen  peroxide  was  also  placed  in  5,  the  monoxide  be- 
ing introduced  between  4  and  5.  Here,  again,  there  was  no 
evidence  of  oxidation. 

1  Reiser  :  This  Journal,  5,  454. 

*  Baumann  :  Ber.  d.  chem.  Ges.,  16,  2146. 

8  Baumann  :  Ztschr.  phys.  Chem.,  s,  250. 
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The  Action  of  Carbon  Monoxide  on  Phosphorus  in  Hydrogen 
Peroxide. 

The  hydrogen  peroxide  was  prepared  by  the  method  of 
Thomsen/  The  solution  was  titrated  with  potassium  per- 
manganate and  found  to  contain  2.424  per  cent  of  hydrogen 
peroxide.  The  apparatus  used  is  that  described  above. 
About  20  or  25  cc.  of  the  pure  peroxide  was  introduced  into 
bottle  3,  which  contained  25  grams  of  phosphorus,  the  outside 
of  which  had  been  burned  off.  Before  the  potash  bottle  i 
was  placed  a  series  of  wash-bottles  containing  an  alkaline 
solution  of  pyrogallol,  and  the  carbon  monoxide  used  was  col- 
lected in  a  gasometer  over  a  similar  solution.  When  the  en- 
tire system  had  been  filled  with  pure  carbon  monoxide,  the 
solution  of  baryta  water  was  introduced  into  bottle  7  and  the 
experiment  begun. 

When  the  hydrogen  peroxide  and  phosphorus  came  in  con- 
tact there  was  not  the  least  disturbance,  and  the  occasional 
appearance  of  a  bubble  of  gas  on  the  phosphorus  was  the  only 
indication  of  chemical  action.  The  passage  of  pure  carbon 
monoxide,  about  0.75  to  i  liter  per  hour,  was  continued  for 
thirty-six  hours,  and  only  a  slight  coating  was  observed  on 
the  inlet-tube,  and  no  precipitate  at  all.  This  makes  it  ap- 
pear extremely  improbable  that  the  oxidation  of  carbon  mon- 
oxide by  air  and  moist  phosphorus  is  due  to  the  action  of  the 
phosphorus  on  hydrogen  peroxide,  formed  in  the  course  of 
the  experiment  by  the  action  of  moist  air  on  phosphorus. 

When  a  strip  of  platinum  was  introduced  into  the  bottle 
containing  the  phosphorus,  there  was,  of  course,  oxidation  of 
the  carbon  monoxide,  and  a  quite  rapid  decomposition  of  the 
peroxide.     This  was  pointed  out  by  Traube.^ 

Repetition  of  the  Work  of  Remsen  and  Keiser. 

The  work  of  Remsen  and  Keiser*  was  repeated  according  to 
the  directions  given  by  them,  except  that  the  wash-bottles 
were  fused  together  instead  of  having  ground-glass  connec- 
tions, and  between  the  vessel  containing  the  phosphorus  over 

1  Thomsen  :  Ber.  d.  chem.  Ges.,  7,  73. 

-  Traube  :  Ber.  d.  chem.  Ges.,  15,  2325,  2854. 

*  Remsen  and  Keiser  :  This  Journal,  5,  454. 
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mercury  and  the  last  baryta  bottle,  three  wash-bottles,  each 
containing  about  10  cc.  of  pure  water,  were  introduced.  As 
mentioned  before,  this  was  necessary  in  order  to  prevent  some 
phosphorus  compound  from  reaching  the  baryta  bottle.  It  was 
also  found  necessary,  whenever  a  new  piece  of  phosphorus 
was  used,  to  pass  a  current  of  air  about  a  day  to  burn  off  the 
surface,  for  otherwise  a  large  precipitate  soon  appeared  in  the 
baryta  bottle.  When  these  precautions  were  taken,  30  liters 
of  air  could  be  passed  through  the  system  without  the  least 
appearance  of  a  precipitate  in  the  test-bottle. 

One  experiment  is  here  described  as  performed  :  Eighteen 
liters,  of  air,  free  from  carbon  dioxide,  were  passed  through 
the  apparatus,  the  flow  being  so  regulated  that  2  or  3  bubbles 
passed  per  second.  After  the  passage  of  this  amount  of  air, 
absolutely  no  precipitate  was  to  be  seen  in  the  test-baryta  bot- 
tle, and  only  a  very  slight  coating  on  the  inlet-tube  of  the 
bottle.  Without  disturbing  the  apparatus,  a  mixture  of  car- 
bon monoxide  and  air — 2  liters  of  the  monoxide  to  22  liters  of 
air — was  passed  through.  After  the  passage  of  5  or  6  liters 
of  the  mixture  a  decided  precipitate  had  appeared  in  the  test- 
baryta  bottle,  and  when  12  liters  had  passed  the  precipitate 
was  about  3  mm.  deep  and  the  inlet-tube  became  stopped  up 
so  as  to  prevent  the  flow  of  the  gas. 

Mixtures  of  air  and  carbon  monoxide  in  various  proportions 
were  used,  and  the  mixture  was  allowed  to  pass  at  different 
rates,  but  in  all  cases  decided  precipitates  appeared  in  the 
test-bottle.  In  no  case  did  the  air,  free  from  carbon  dioxide, 
cause  a  precipitate. 

Action  of  Ozone  on  Carbon  Monoxide. 

In  view  of  the  quite  inexplicable  statements  that  ozone  does 
not  oxidize  carbon  monoxide,  either  at  the  ordinary  tempera- 
ture or  at  300°  C,  it  was  thought  that  possibly  ozone  more 
concentrated  than  that  hitherto  used  might  be  able  to  cause 
oxidation. 

The  ozonizer  used  was  of  the  Berthelot  pattern,  the  air-space 
being  about  30  cm.  long,  the  outer  and  inner  tubes  being 
about  3  mm.  apart.     The  diameter  of  the  outer  tube  was  3 
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cm.  The  gas  entered  at  the  top  of  the  outer  tube  and  es- 
caped from  the  bottom.  The  inner  tube  was  filled  with  water 
slightly  acidulated  with  sulphuric  acid.  The  entire  ozonizer 
was  placed  in  a  cylinder  containing  ice-cold,  acidulated  water. 
These  two  solutions  were  the  electrodes.  The  strongest  cur- 
rent used  was  from  12  bichromate  cells  arranged  in  series,  the 
total  voltage  being  about  18.  The  apparatus  was  arranged 
as  shown  in  the  figure  on  the  opposite  page. 

A  Ruhmkorff  coil  capable  of  giving  a  spark  about  16  cm. 
long  was  used. 

In  making  blank  experiments  with  the  oxygen  the  stop- 
cock O  was  turned  so  that  the  carbon  monoxide  was  excluded. 
The  wash-bottle  E  prevented  the  entrance  of  air,  and  at  all 
times  kept  the  carbon  monoxide  from  diffusing  back  into  the 
ozonizer. 

In  most  of  the  experiments  quite  a  rapid  current  of  oxygen 
was  used  in  order  to  avoid  the  destruction  of  the  ozone  already 
formed. 

Using  all  1 2  cells  and  passing  a  current  of  2  liters  of  air  per 
hour,  the  ozone  was  passed  directly  into  a  solution  of  potas- 
sium iodide,  and  the  liberated  iodine  was  then  titrated  with  a 
standard  solution  of  sodium  thiosulphate.  As  determined  in 
this  way,  even  with  such  a  rapid  current  of  oxygen,  3.78  per 
cent  of  ozone  was  formed.  This  ozone  had  an  almost  insuffer- 
able odor  as  it  came  from  the  apparatus,  and  a  little  of  it, 
when  inhaled,  produced  an  irritation  of  the  throat  similar  to 
that  caused  by  chlorine.  If  conducted  through  a  rubber  tube 
it  would  eat  through  the  rubber  in  a  few  minutes. 

The  results  are  as  follow^  :  Using  12  or  even  6  cells  con- 
nected with  the  coil,  the  carbon  monoxide  was  oxidized  at  the 
ordinary  temperature,  and  still  more  at  250°  C.  Using  2  cells, 
there  was  no  oxidation  at  the  ordinary  temperature,  but  car- 
bon dioxide  was  produced  at  250°.  Of  course,  thorough  blank 
tests  were  made.  The  ozonized  oxygen,  when  passed  through 
the  apparatus  at  the  ordinary  temperature  or  at  250°  to  300°, 
did  not  produce  a  precipitate.  The  same  was  true  of  the  car- 
bon monoxide  at  the  same  temperatures.  There  can,  there- 
fore, be  no  doubt  that  the  precipitation  of  barium  carbonate, 
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which  was  carefully  identified,  was  due  to  the  action  of  the 
ozone  on  the  carbon  monoxide. 

The  action  of  the  ozone  formed  by  the  oxidation  of  moist 
phosphorus  was  next  tried  at  higher  temperatures.  Bau- 
mann^  showed  that  it  does  not  act  on  carbon  monoxide  at  the 
ordinary  temperature,  a  result  confirmed  by  our  work.  Ac- 
cordingly, about  30  or  40  grams  of  phosphorus  were  placed  in 
the  wash-bottle  C,  and  the  outside  was  carefully  burned  off. 
Then  baryta  water  was  introduced  into  the  test-bottle.  The 
ozone  formed  no  precipitate.  Then  carbon  monoxide  was  al- 
lowed to  enter  by  opening  the  stop-cock  O.  After  the  passage 
of  12  liters  of  this  mixture  no  precipitate  appeared  in  the  bot- 
tle containing  baryta  water.  The  temperature  was  then 
raised  to  250°  C.  After  the  passage  of  about  2  liters,  a  pre- 
cipitate began  to  form  and  increased  slowly  as  the  current  of 
gas  was  continued.  These  experiments  were  repeated  a  num- 
ber of  times,  always  with  the  same  result — a  slight  but  dis- 
tinct oxidation  at  250°. 

The  oxidizing  power  of  ozone  varies  with  the  temperature 
and  the  concentration. 

The  amount  of  ozone  formed  by  the  phosphorus  when  2 
liters  were  passed  per  hour  was  determined  by  passing  it 
through  a  solution  of  potassium  iodide,  and  titrating  the 
iodine  with  standard  thiosulphate  solution.  The  percentage 
of  ozone  was  found  to  be  0.0021,  the  ozonizer  giving  3.78  per 
cent.  These  results  show  how  little  ozone  is  formed  by  the 
oxidation  of  moist  phosphorus.  The  amount  of  ozone  cannot 
be  estimated  by  the  odor,  for  the  slightest  trace  of  it  will  be 
quite  perceptible. 

The  Action  of  Strong  Hydrogen  Peroxide  on  Carbon  Monoxide. 

Remsen^  has  shown  that  ordinary  hydrogen  peroxide  does 
not  oxidize  carbon  monoxide.  This  work  was  repeated,  and 
it  was  found  that  a  solution  containing  2.424  per  cent  of  hy- 
drogen peroxide  did  not  cause  any  oxidation.  But  since  it 
was  found  that  the  oxidizing  power  of  ozone  depends  on  the 

1  Bauraann  :  Ztschr.  phys.  Chem.,  s,  250. 

2  Remsen  :  This  Journal,  4,  50. 
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concentration,  it  seemed  advisable  to  prepare  a  much  stronger 
solution  of  hydrogen  peroxide,  and  to  test  its  action. 

The  pure  dilute  solution  of  hydrogen  peroxide  was  prepared 
according  to  the  method  of  Thomsen,^  and  was  then  concen- 
trated by  the  method  of  Wolff enstein.' 

Three  specimens  of  hydrogen  peroxide  of  53,  57,  and  63 
per  cent  strength,  respectively,  were  prepared.  No  difficul- 
ties were  encountered  in  obtaining  the  material,  but  precau- 
tions were  taken  in  case  an  explosion  should  occur. 

In  the  experiments  a  series  of  wash-bottles,  with  fused  con- 
nections, was  used.  They  were  arranged  in  the  following 
order : 

<i)KOH;  (2)Ba(0H),;  (3)HA;  (4)  Ba(OH),;  (5)  KOH. 
In  each  case  the  hydrogen  peroxide  was  introduced  into  3 
and  tested  for  several  hours  by  passing  a  stream  of  air  free 
from  carbon  dioxide  in  order  to  see  that  the  material  caused 
no  precipitate  in  the  test-baryta  bottle  4.  Then  a  current  of 
pure  carbon  monoxide  was  passed.  In  no  case  was  there  the 
least  evidence  of  oxidation  of  the  monoxide. 

The  Action  of  Electrolytic  Oxygen  on  Carbon  Monoxide.     * 

Since  both  Traube  and  Richarz  have  shown  that  some  hy- 
drogen peroxide  and  ozone  are  formed  during  the  electrolysis 
of  acidulated  water,  these  experiments  could  give  no  evidence, 
unless  negative  in  character, — if  oxidation  occurred  it  would 
not  prove  that  electrolytic  oxygen  caused  the  oxidation, 
for  platinum  and  hydrogen  peroxide  can  act  in  the  same  way 
under  the  same  circumstances.  However,  if  no  oxidation 
took  place,  it  would  show  that  electrolytic  oxygen  has  not  the 
power  to  oxidize  carbon  monoxide.  This  was  found  to  be  the 
case.  For  the  electrolysis,  a  small  U-tube  holding  only  about 
15  or  20  cc.  was  used,  the  object  being  to  have  ver}^  little 
water  present  to  absorb  the  carbon  dioxide  that  might  be 
formed.     The  apparatus  was  arranged  as  follows  : 

(i)  KOH     ->     (2)  Ba(OH),^ 

U-tube     -* 
(3)  KOH     -V     (4)  Ba(OH),^ 

(5)  Ba(OH),     ^     (6)  KOH. 

1  Thomsen  :  Ber.  d.  chem.  Ges.,  7,  73. 

*  Wolffenstein  :  Ibid..  27,  3307.  See  also  Spring  :  Ztschr.  anorg,  Chem.,  8,  424- 
Briihl:  Ber.  d.  chem.  Ges.,  38,  2847. 
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In  making  blank  tests,  air  was  passed  through  bot- 
tles I  and  2  and  into  the  U-tube,  the  inlet  tube  being  curved 
and  projecting  down  into  the  tube  so  that  the  gas  might 
^  ^    ^       bubble    directly  against   the   elec- 

_= rn  m .    trode  C,   from  which  the   oxygen 

was  coming  off.  The  wire  con- 
nected with  this  electrode  passed 
through  a  J-tube  inserted  in  the 
stopper,  and  the  gas  left  the  U-tube 
through  the  side  tube  K.  The  nega- 
tive electrode  B,  was  connected  in 
the  same  way,  the  hydrogen  going 
out  through  the  side  tube  D,  and 
into  a  vessel  containing  a  little 
alkali.  Where  the  wire  entered  the 
J- tubes  the  top  of  the  tube  was 
tightly  closed  with  melted  paraflBn 
^'■s^-  "•  so  that  there  was  no  communication 

with  the  outer  air,  thus  avoiding  the  absorption  of  carbon  diox- 
ide. In  no  case  was  there  any  evidence  of  oxidation  of  the  car- 
bon monoxide.  When  this  gas  was  bubbled  directly  against 
the  electrode  C,  from  which  large  quantities  of  oxygen  were 
being  given  off,  there  was  not  the  slightest  precipitate  formed 
after  twelve  to  fifteen  hours. 

Johns  Hopkins  University, 
Chemical  IvAboratory,  1898. 


THE  ACTION  OF  OZONE  ON  CARBON  MONOXIDE. 

By  C.  E.  Waters. 

Because  the  results  of  Jones,  which  are  given  in  the  prece- 
ding article,  are  at  variance  with  what  had  been  previously 
stated  in  regard  to  the  action  of  ozone  on  carbon  monoxide,  it 
was  suggested  by  Prof.  Remsen  that  the  work  be  repeated, 
using  a  Holtz  machine  instead  of  the  induction  coil  used  by 
Jones.  The  same  ozonizer  was  made  use  of,  and  the  appara- 
tus was  arranged  exactly  as  Jones  had  it,  except  that  a  wash- 
bottle  containing  sulphuric  acid  was  placed  just  before  the 
ozonizer,  and  the  carbon  monoxide  was  similarly  dried  before 
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passing  into  the  heated  tube  H.  The  Holtz  machine  was  an 
instrument  capable  of  giving  very  powerful  discharges,  and 
was  run  by  means  of  an  electric  motor.  It  soon  became  evi- 
dent that  the  condition  of  the  weather  had  much  to  do  with 
the  results.  On  clear,  dry  days  the  speed  of  the  motor  had  to 
be  greatly  reduced,  and  even  then  there  was  much  leakage, 
in  spite  of  the  wires  leading  to  the  ozonizer  being  enclosed  in 
glass  tubes,  and  sparks  frequently  jumped  around  from  the 
inner  tube  to  the  acidulated  water  in  the  outer  cylinder. 
Under  these  conditions  a  precipitate  was  always  formed  in  the 
bottle  containing  the  barium  hydroxide  solution.  During  un- 
favorable weather  the  amount  of  oxidation  was  very  slight. 
With  the  induction  coil  no  such  difl&culty  was  met  with,  and 
Jones  apparently  obtained  equally  good  ozone  at  all  times. 
The  form  of  ozonizer  used  was  found  to  be  much  more  effi- 
cient than  the  one  previously  used  in  some  of  this  work.^ 

Some  of  our  results  are  given  below.  Careful  blank  experi- 
ments were,  of  course,  made,  and  in  no  case  was  there  anj^ 
evidence  of  oxidation.  There  was  also  no  formation  of  car- 
bon dioxide  when  the  ozonized  oxygen  and  the  carbon  mon- 
oxide were  mixed  at  the  ordinary  temperature. 

Experiment  i. — One  liter  of  carbon  monoxide  and  3  liters  of 
oxygen  were  used,  the  gases  being  mixed,  after  the  oxygen 
was  ozonized,  in  the  tube  H  (see  page  47) .  Temperature,  242°. 
There  was  a  slight  precipitate  formed  in  I.  In  this  experi- 
ment a  Wright  ozonizer  was  used. 

Experiment  2 . — Same  arrangement  as  in  i.  Temperature 
269°  to  272°.  Two  liters  of  carbon  monoxide  and  5  liters  of 
oxygen.  Time,  three  and  a  half  hours.  Only  a  very  slight 
precipitate  was  formed. 

Experiment  g. — The  ozonizer  used  by  Jones  was  substituted 
in  this  case,  the  rest  of  the  apparatus  remaining  the  same. 
Temperature,  278°  to  282°.  Three  liters  of  carbon  monoxide 
and  8  liters  of  oxygen.  Time,  four  hours.  At  first  there 
was  almost  no  oxidation,  but  towards  the  last  half  of  the  ex- 
periment the  machine  worked  much  better,  and  a  decided 
precipitate  was  formed. 

1  Wright :  Am.  J.  Sci.,  [3].  4,  26  (1872). 
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Experiment  4.. — Same  as  above.  Temperature, 280°.  Witk 
1.25  liters  of  carbon  monoxide  and  3.5  liters  of  oxygen  pass- 
ing in  about  two  hours,  there  were  only  traces  of  oxidation.. 
The  ozonizer  was  surrounded  by  ice. 

Experiment  5. — One  and  a  half  liters  of  carbon  monoxide 
and  6  liters  of  oxygen.  The  monoxide  was  not  dried  in  this 
case,  but  was  allowed  to  bubble  through  water  just  before 
mixing  with  the  ozone.  The  ozonizer  was  surrounded  by  ice. 
Temperature,  280°.  A  slight  precipitate  soon  formed,  but  did 
not  perceptibly  increase  during  the  rest  of  the  time. 

Experiment  6. — The  amount  of  ozone  formed  was  deter- 
mined by  passing  the  gas  into  solutions  of  potassium  iodide  acid- 
ulated with  dilute  sulphuric  acid,  contained  in  bottles  I  and  ly. 
The  solution  was  then  titrated  with  a  solution  of  sodium  thio- 
sulphate  of  known  strength.  The  results  are  necessarily  in- 
exact, owing  to  the  impossibility  of  accurately  measuring  the 
oxygen  in  a  gas-holder. 

Volume  of  oxygen,  5.5  liters.  The  iodine  set  free  required 
2.12  cc.  of  a  solution  of  thiosulphate  of  such  strength  that  i 
cc.  was  equivalent  to  0,11506  gram  iodine.  Iodine  found, 
0.2439  gram,  equivalent  to  0.02938  gram  ozone,  or  0.37  per 
cent.  In  this  experiment  and  the  next  a  bottle  contain- 
ing an  amount  of  acidulated  potassium  iodide  solution 
equal  to  that  used  in  I  and  1,  was  allowed  to  stand  beside 
these  bottles.  A  certain  amount  of  iodine  was  set  free.  The 
correction  to  be  applied  to  I  and  L  was  determined  by  titra- 
ting with  thiosulphate.  During  this  experiment  the  machine 
did  not  work  very  well. 

Experiment  7. — Everything  arranged  as  in  6.  Volume  of 
oxygen,  4  liters.  Two  dishes  containing  strong  sulphuric 
acid  were  placed  in  the  case  with  the  Holtz  machine  to  dry 
the  air,  so  that  it  worked  up  to  its  maximum  efficiency.  The 
iodine  set  free  was  0.2877  gram,  equivalent  to  0.05444  gram 
ozone,  or  0.95  per  cent. 

These  figures  do  not  agree  very  closely  with  those  of  Jones^ 
but  they  go  to  show  that  the  increased  oxidation  in  dry 
weather  is  due  to  the  greater  amount  of  ozone  formed.     We 
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think  it  may  be  fairly  concluded  that,  although  ozone  does 
not  act  on  carbon  monoxide  as  readily  as  we  should  expect 
from  its  apparent  unsaturation,  still  it  does  cause  some  oxi- 
dation to  carbon  dioxide,  depending  on  the  amount  of  ozone 
present  in  the  oxygen.  And,  further,  the  oxidation  does  not 
take  place  to  an  appreciable  extent  at  the  ordinary  tempera- 
ture. 

Johns  Hopkins  University, 
May,  1903. 
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ON  CERTAIN  NITRO  DERIVATIVES  OF  THE  VICI- 
NAL TRIBROMBENZOIv. 

By  C.  Loring  Jackson  and  A.  H.  Fiske. 

The  experiments  described  in  this  paper  form  a  continua- 
tion of  the  work  carried  on  for  several  years  in  this  laboratory 
upon  the  behavior  of  benzol  derivatives  containing  nitro 
groups  and  halogens.  The  i-nitro-3,4,5-tribrombenzol,  melt- 
ing-point 112°,  which  was  the  first  substance  studied,  w^s 
discovered  by  Korner,^  and  is  easily  prepared  by  treating  para- 
nitraniline  with  bromine  and  replacing  with  bromine  the 
amino  group  in  the  dibromnitraniline  thus  obtained. 

When  treated  with  a  dilute  solution  of  sodic  methylate,  this 
3,4,5-tribromnitrobenzol  is  converted  into  the  dibromnitro- 
anisol,  melting  at  122°,  prepared  by  Korner^  from  the  silver 
salt  of  the  2,6-dibrom-4-nitrophenol  and  methyl  iodide.  It 
follows  from  this  that  the  atom  of  bromine  in  the  para  position 
to  the  nitro  group  has  been  replaced  by  the  methoxyl  group. 
This  is  what  would  be  expected,  as  owing  to  its  para  position 
this  atom  is  more  exposed  to  the  loosening  effect  of  the  nitro 
group  than  the  other  two  atoms  of  bromine,  which  stand  in  the 
meta  position  to  it.  Staedel,*  who  prepared  the  substance  ac- 
cording to  Korner's  method,  gives  the  melting-point  as  126° 
to  127°,  evidently  by  an^error  of  the  press,  as  he  says  that  the 
melting-point  observed  by  him  agrees  with  that  of  Korner, 
and  gives  the  correct  melting-point  122°. 6  in  the  summary  at 
the  end  of  his  paper. 

1  Gazz.  chim.  ital.,  4,  420  (1874). 

2  Ibid.,  4,  390  (1876).    Korner  gives^the  melting-poiut  i22°.6. 
s  Ann.  Chem.  (Liebig),  217,  70  (1883). 
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By  reduction  with  tin  and  hydrochloric  acid  this  dibromni- 
troanisol  was  converted  into  the  2,6-dibrom-4-aminoanisol, 
which  melts  at  64°  to  65°.  Staedel  obtained  this  substance  in 
the  same  way,  but  gives  no  melting-point  for  it. 

When  the  3,4,5-tribromnitrobenzol  was  treated  with  a 
strong  solution  of  sodic  methylate  it  was  converted  into 
4-methox5'--3,5-dibromazoxybenzol, 

(CH30.C«H,Br,),N,0, 

which  melts  at  214°.  The  easy  formation  of  the  azoxy  com- 
pound in  this  case  may  be  due  to  the  fact  that  the  two  places 
ortho  to  the  nitro  group  are  occupied  by  hydrogen.  In  the 
other  bromnitrobenzols  studied  in  this  laboratory  the  positions 
ortho  to  the  nitro  group  were  occupied  by  other  radicals,  and 
no  formation  of  an  azoxy  compound  has  been  observed,  but 
many  more  experiments  will  be  necessary  before  it  can  be  de- 
termined whether  this  suggestion  is  entitled  to  consideration. 
Sodic  ethylate  gave  results  similar  to  those  obtained  with 
the  methylate.  A  strong  solution  of  sodic  ethylate  formed 
the  4-ethoxy-3,5-dibromazoxybenzol,  (C2H50.CgH2Br5)jNjO, 
which  melts  at  163°,  and  was  obtained  with  more  ease  than 
the  methyl  compound.  A  weak  solution  of  sodic  ethylate 
converted  the  3,4,5-tribromnitrobenzol  into  the  2,6-dibrom-4- 
nitrophenetol,  CgHjBr5.N02.0CjH5,  which  we  found  melts  at 
58°  to  59".  Staedel,^  on  the  other  hand,  assigns  a  melting- 
point  of  108°  to  this  substance.  Accordingly,  after  we  had 
settled  the  composition  of  our  body  by  analysis,  we  deter- 
mined its  constitution  by  saponifying  it,  when  we  obtained  a 
phenol,  CgHjBrj.NOj.OH,  which  showed  the  melting-point 
141°  characteristic  of  the  2,6-dibrom-4-nitrophenol.  Finally, 
in  the  hope  of  finding  the  cause  of  this  difference  between 
Staedel' s  result  and  ours,  we  prepared  the  dibromnitrophene- 
tol  according  to  Staedel's  method,  which  consisted  in  making 
the  dibromnitrophenol  by  treating  paranitrophenol  with  bro- 
mine, and  heating  its  silver  salt  with  ethyl  iodide;  the  2,6-di- 
brom-4-nitrophenetol  thus  obtained  melted  at  58°  to  59°,  the 
melting-point  of  our  sample  prepared  from  the  tribroranitro- 
benzol,  and  not  at   108°,  the  temperature  given  by  Staedel. 

1  Ann.  Chem.  (Uebig),  217,  67  (1883). 
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We  are  forced  to  the  conclusion,  therefore,  that  Staedel's 
melting-point,  108°,  is  incorrect. 

By  reduction  with  tin  and  hydrochloric  acid  our  phenetol 
yielded  the  2,6-dibrom-4-aniinophenetol,  CgHjBrj.NHj.OC^Hj, 
which  melted  at  107°.  Staedel  gives  the  melting-point  of  this 
substance  as  67°,  so  that  the  phenetol  with  the  incorrect  melt- 
ing-point, 108°,  gives  a  phenetidine  also  with  an  incorrect  melt- 
ing-point (67°  instead  of  107°).  We  can  find  no  explanation 
for  these  differences  between  Staedel's  melting-points  and 
ours. 

The  dibromnitrophenetol  was  converted  into  the  4-ethoxy- 
3,5-dibromazoxybenzol  already  mentioned,  when  it  was  boiled 
with  a  strong  alcoholic  solution  of  sodic  ethylate. 

When  the  3,4,5-tribromnitrobenzol  was  boiled  for  sometime 
with  an  aqueous  solution  of  sodic  hydrate,  the  2,6-dibrom-4- 
nitrophenol  was  formed.  Alcoholic  ammonia  converted  the 
tribromnitrobenzol  into  2,6-dibrom-4-nitraniline,  as  was 
proved  by  Korner.^  With  aniline,  even  at  its  boiling-point, 
the  3,4,5-tribromnitrobenzol  seemed  to  enter  into  no  reaction, 
as  it  was  recovered  afterward  unchanged.  Sodic  acetoacetic 
ester  also  had  no  apparent  action  on  it.  Sodic  malonic  ester 
formed  with  it  a  red  salt,  which  was  not  studied. 

When  boiled  with  a  mixture  of  fuming  nitric  acid  and 
strong  sulphuric  acid,  the  3,4,5-tribromnitrobenzol  was  con- 
verted into  a  dinitro  compound,  C6HBr3(NOj)2,  which  must 
have  the  structure  Brj3, 4,5. (NOJji, 2.  It  melts  at  160°  and 
is  much  more  reactive  than  the  mononitro  compound.  With 
sodic  methylate,  in  the  cold,  it  gave  a  tribromnitroanisol, 
C5HBr3.NO2.OCH3,  by  the  replacement  of  a  nitro  group  by  a 
methoxy  group.  This  melts  at  109°  to  110°.  If  a  boiling 
solution  of  sodic  methylate  in  methyl  alcoholic  acted  on  the  tri- 
bromdinitrobenzol,  a  dibromnitrodimethoxybenzol,  CgHBr^, 
NOj.COCHj)^,  melting  at  81°,  was  formed  by  the  replacement 
of  an  atom  of  bromine  and  a  nitro  group  by  methoxy  groups. 
When  the  tribromdinitrobenzol  was  treated  with  an  alcoholic 
solution  of  sodic  ethylate  in  the  cold,  the  tribromnitrophenetol, 
CjHBrj.NOj.OCjHj,  melting  at  74°,  was  formed.     The  experi- 

1  Gazz.  chim.  ital.,  4,  421  (1874). 
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ment  with  a  boiling  solution  of  sodic  ethylate  led  only  to  tarry 
products. 

On  boiling  the  3,4, 5-tribrom-i,2-dinitrobenzol  with  a  10  per 
cent  solution  of  sodic  hydrate  a  phenol,  CgHBrj.NO^.OH,  was 
formed,  which  melted  at  120°  to  121°.  As  this  gave  the  ani- 
sol,  melting  at  109°  to  110°,  when  its  silver  salt  was  treated 
with  methyl  iodide,  it  must  have  the  same  structure  as  anisol. 

Alcoholic  ammonia  in  the  cold  replaced  a  nitro  group  by  an 
amino  group,  forming  a  tribromnitraniline,  CjHBrj.NOj.NH^, 
melting  at  161°.  If  the  two  materials  were  heated  to  100°,  a 
diamino  compound,  CgHBrj.NOjCNHj)^,  melting  at  189*  to 
190°,  was  obtained.  Neither  of  these  substances  gave  salts, 
even  when  their  solutions  in  benzol  were  treated  with  gaseous 
hydrochloric  acid.  Boiling  aniline  produced  a  substitution 
of  the  nitro  group  by  the  anilino  radical,  giving 

CeHBr3.N0,.C,H,NH, 

melting  at  138°  to  139°. 

The  3,4,5-tribrom-i,2-dinitrobenzol  upon  reduction  with  tin 
and  hydrochloric  acid,  gave  the  3,4,5-tribromorthophenylene- 
diamine,  C6HBr3(NHj)2,  melting  at  91°,  which  formed  a  salt 
with  I  molecule  of  hydrochloric  acid,  CgHBrg.NHj.NHjCl. 
With  phenanthrenequinone  it  gave  3,4,5-tribromdiphenylene- 
quinoxaliue  (or  3,4,5-tribromphenanthropheuazine), 

C,HBr3N,C,C,,H3, 

which  did  not  melt  below  300°.  With  benzil  it  gave  3,4,5- 
tribromdiphenylquinoxaline,  CeHBrsN^CjCijHm,  a  brick-red 
powder. 

Of  these  derivatives  of  the  3,4,5-tribrom-i,2-dinitrobenzol 
the  constitution  of  the  tribromnitraniline  is  established,  since 
there  are  only  two  formulas  which  it  is  possible  to  assign  to 
it— NH2i,Br,2,3,4,NO,6  and  NH,i.Br33,4,5.NO,2— anda  sub- 
stance having  the  second  of  these  was  made  by  Gallivan  and 
one  of  us^  by  introducing  a  nitro  group  into  the  3,4,5-tribrom 
aniline.  As  this  substance  melts  at  130°,  and  ours  at  161°,  it 
follows  that  the  first  of  these  structures  belongs  to  our  com- 
pound, which  is  therefore  the  2. 3, 4-tribrom-6-nitraniline.     An 

1  This  Journal,  ao,  184  (1898). 
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attempt  to  connect  the  tribromnitrophenol  and  its  ethers  with 
this  tribromnitraniline  by  means  of  the  diazo  reaction  gave  a 
phenol  closely  resembling  that  made  directly  from  the  tri- 
bromdinitrobenzol,  but  owing  to  a  mistake  in  the  work  the 
identity  of  the  two  substances  was  not  established  with  cer- 
tainty. Unfortunately,  this  mistake  was  not  discovered  until 
it  was  too  late  to  correct  it.  We  cannot,  therefore,  present  an 
experimental  proof  that  the  nitro  group  replaced  by  the  hy- 
droxyl  is  the  same  as  that  replaced  by  the  amino  group,  but 
we  are  of  the  opinion  that  the  following  considerations  leave 
little  doubt  that  this  is  the  case.  In  the  3,4,5-tribrom-i,2- 
dinitrobenzol,  both  nitro  groups  are  exposed  to  the  loosening 
effects  of  a  nitro  group  in  the  ortho  and  an  atom  of  bromine  in 
the  para  position,  but,  while  the  nitro  group  i  is  but  little 
effected  by  the  third  atom  of  bromine  in  the  meta position,  the 
nitro  group  2  is  exposed  to  the  marked  loosening  effect  of 
an  atom  of  bromine  in  the  ortho  position,  and,  therefore, 
should  be  the  one  replaced  in  all  these  reactions. 

If  this  reasoning  is  admitted,  these  substances  receive  the 
following  names  :  2,3,4-tribrom-6-nitroanisol,  melting-point 
109° to  110°  ;  2,3,4-tribrom-6-nitrophenetol,  melting-point  74°; 
2,3,4-tribrom-6-nitrophenol,'  melting-point  120°  to  121°; 
2,3,4-tribrom-6-nitrodiphenylamine,     melting-point     138°    to 

i39°- 

The  nitro  group  replaced  by  the  methoxy  radical  in  form- 
ing CeHBr^.NO.COCH,),  must  be  that  standing  at  2  in  the 
3,4,5-tribrom-i,2-dinitrobenzol,  as  this  substance  can  be  made 
by  treating  the  tribromnitroanisol  with  boiling  sodic  methylate 
solution.  It  follows  then,  without  much  doubt,  that  the  atom 
of  bromine  substituted  is  that  standing  at  4,  since  the  other 
two  atoms  of  bromine  stand  in  the  meta  position  to  the  nitro 
group,  when  the  dimethoxy  body  is  made  from  the  anisol. 
It  should  be  called,  therefore,  2,4-dibrom-6-nitroresorcine  di- 
methyl ether,  melting-point  81°. 

A  similar  course  of  reasoning  would  show  that  the  consti- 
tution of  the  diamino  body  is  2,4-dibrom-6-nitrometaphenyl- 
enediamine,  and  this  result  is  confirmed  by  our  observation 
that  it  did  not  give  the  characteristic  quinoxaline  test  for  an 
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orthodiamiue,  or  the  Lauth  violet  test  for  a  paradiamine. 
It  may  be  objected  that  these  tests  might  not  act  with  a  body 
containing  so  many  negative  groups,  but  we  cannot  think  this 
objection  of  much  weight  in  view  of  the  facts  that  a  quinoxa- 
line  was  formed  easily  from  3,4,5-tribromorthophenylenedi- 
amine,  as  described  in  this  paper,  and  that  the  1,4-dibrom- 
2,5-phenylenediamine  gave  the  Lauth  violet  test  without 
difficulty/ 

The  most  striking  observation  made  in  the  work  with  the 
tribromdinitrobenzol  is  that  the  nitro  group  is  replaced  more 
easily  than  the  atom  of  bromine— certainly  an  unexpected  re- 
sult— in  fact  the  reactions  already  described,  which  take  place 
in  the  cold,  are  almost  exclusively  confined  to  the  substitu- 
tion of  the  nitro  group,  but  this  cannot  be  accepted  as  a 
general  rule,  since  sodic  malonic  ester  in  the  cold  gave  a  sub- 
stance with  the  formula  C6HBr2(NOJ,CH(COOCjH5)j,  to 
judge  from  a  single  determination  of  bromine,  and  was,  there- 
fore, made  by  the  replacement  of  an  atom  of  bromine  by  the 
malonic  ester  radical. 

EXPERIMENTAL  PART. 
Preparation  of  3,4.,5-Tribromnitrobenzol. 

Paranitraniline  was  converted  into  the  dibromparanitrani- 
line  by  the  method  of  Korner.^  For  this  purpose  15  grams  of 
the  paranitraniline  were  dissolved  in  rather  more  than  50 
grams  of  ordinary  strong  hydrochloric  acid,  and  the  solution 
diluted  to  2  liters.  A  stream  of  air  loaded  with  bromine  vapor 
was  then  passed  through  this  solution  until  a  permanent  red 
color  was  imparted  to  it.  The  precipitate,  after  washing,  was 
nearly  pure  dibromnitraniline,  as  it  melted  at  200°  to  201°  in- 
stead of  202°. 5.  Yield,  from  80  to  90  per  cent  of  the  theo- 
retical. 

The  amino  group  in  the  dibromnitraniline  was  next  re- 
placed by  bromine  as  follows  :  Twenty  grams  of  the  dibrom- 
nitraniline (melting-point  202°)  were  mixed  with  70  cc.  of 
hydrobromic  acid  (sp.  gr.  1.35,  b.  p.  124°  to   126°)   and  the 

I  This  Journal,  a8,  461. 

-  Gazz.  chim.  ital.,  4,  346  (1874). 
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thin  paste  thus  formed  was  treated  with  sodic  nitrite  in  a  500 
cc.  flask,  which  was  loosely  corked,  care  being  taken  by- 
shaking  the  flask  occasionally  to  expose  as  large  a  surface  of 
the  mixture  as  possible  to  the  action  of  the  nitrous  fumes. 
Pieces  of  the  sodic  nitrite  were  added  from  time  to  time  so  as 
to  keep  the  flask  constantly  filled  with  red  fumes,  and  the 
operation  was  carried  on  until  the  color  of  the  paste  had 
changed  from  yellow  to  red,  which  commonly  took  place  at 
the  end  of  three  or  four  days.  A  quantity  of  hydrobromic 
acid  was  then  added  and  the  mixture  boiled  until  it  ceased  to 
give  ofl  red  fumes.  This  treatment  converted  the  red  solid 
into  a  dark-brown  oil,  which  was  separated  from  the  hydro- 
bromic acid,  and,  after  it  had  hardened,  washed  and  dried  at 
ordinary  temperatures.  To  purify  the  crude  tribromnitroben- 
zol  thus  obtained  it  was  dissolved  in  benzol  and  the  solution 
boiled  with  bone-black  for  half  an  hour  in  a  flask  with  a  re- 
turn-condenser, after  which  it  was  filtered,  allowed  to  cool, 
and  any  yellow  solid  which  separated  removed  by  a  second 
filtration.  The  filtrate  was  freed  from  benzol  as  completely 
as  possible  by  distillation  on  the  steam-bath,  and  the  residue, 
stirred  while  it  was  cooling  so  as  to  get  small  crystals.  These 
were  filtered  from  the  mother- liquor,  washed  with  a  small 
quantity  of  cold  alcohol,  and  recrystallized  from  hot  alcohol 
until  they  melted  at  112°.  The  yield  averaged  nearly  80  per 
cent  of  the  theoretical. 

Action  of  Sodic  Methyiate  in  the  Cold  on  3,4,^-Tribromnitro- 
benzol. 

2,6-Dibrom-4-nitroanisol,  C^H^Brj.NOj.OCHj. — Five  grams 
of  the  3,4,5-tribromnitrobenzol  were  mixed  with  the  solution 
of  sodic  methyiate  in  methyl  alcohol,  formed  by  acting  on  0.8 
gram  of  sodium  with  25  cc.  of  methyl  alcohol,  that  is,  a  little 
more  than  2  molecules  of  the  methyiate  to  each  molecule  of  the 
tribromnitrobenzol.  The  mixture  was  allowed  to  stand  two 
days  in  a  corked  flask,  when  it  was  found  that  the  liquid  had 
turned  yellow,  and  deposited  crystals.  The  yellow  mother- 
liquor,  on  dilution  with  water,  gave  a  white  precipitate,  which 
was  filtered  out  and  added  to  the  crystals.     In  the  aqueous 
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filtrate  a  strong  test  for  a  bromide  was  obtained,  but  none  for 
a  nitrite.  The  organic  product  of  the  reaction  was  purified 
by  recrystallizing  it  from  hot  methyl  alcohol  until  it  showed 
the  constant  melting-point  122°,  which  indicated  that  it  was 
the  dibromnitroanisol,  OCH,i.Br^2,6.NO,^4,  melting  at  122°. 6, 
that  was  made  by  Korner^  from  the  silver  salt  of  the  2,6-di- 
brom-4-nitrophenol  and  methyl  iodide.  This  result  was  con- 
firmed by  saponifying  our  substance  with  sulphuric  acid, 
when  it  yielded  this  2,6-dibrom-4-nitrophenol,  as  shown  by 
the  melting-point  141°, 

4.-Methoxy-3,5-dibroinazoxyhenzoL — This  substance  was  ob- 
tained when  the  3,4-tribromnitrobenzol  was  treated  with  a 
much  stronger  solution  of  sodic  methylate  than  that  used  in 
making  the  dibromnitroanisol.  Four  grams  of  the  tribromni- 
tro benzol  were  mixed  with  the  sodic  methylate  made  from  2.4 
grams  of  sodium  and  20  cc.  of  methyl  alcohol,'  that  is,  over  9 
molecules  of  the  methylate  to  each  molecule  of  the  tribromni- 
trobenzol.  The  mixture  was  boiled  in  a  flask  with  a  return- 
condenser  for  six  hours,  after  which  the  product  consisted  of 
a  solid  suspended  in  a  dark-red  liquid.  The  solid  was  fil- 
tered out,  washed  repeatedly  with  water,  and  then  with 
boiling  alcohol  to  remove  any  2,6-dibrom-4-nitroanisol 
which  had  been  formed,  and  the  residue  recrystallized  from 
hot  benzol  till  it  showed  the  constant  melting-point  214°. 
Another  excellent  method  of  purifying  the  substance  consisted 
in  dissolving  it  in  chloroform  and  then  precipitating  out  the 
solid  with  an  excess  of  alcohol.  The  compound  was  dried  at 
100°  and  analyzed  with  the  following  results  : 

I.  0.2034  gram  substance  gave  0.2156  gram  COj  and  0.0382 
gram  HjO. 

II.  0.3305  gram  substance  gave  0.3470  gram  CO^  and  0.0668 
gram  H^O. 

III.  0.2433  gram  gave,  by  the  Carius  method,  0.3200  gram 
AgBr. 

IV.  0.2065  gram  substance  gave  0.2714  gram  AgBr. 

1  Gazr.  chim.  ital.,  4,  390  (1874). 

»  Good  results  were  also  obtained  with  3  grams  of  sodium  and  40  cc.  of  methyl 
alcohol. 
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V.  0.2014  gram  substance  gave,  by  the  method  of  Zeisel, 
■•0-1550  gram  Agl. 


Calculated  for 
[CsHaBro.OCHsJsNoO. 

I. 

II. 

Found. 
III. 

c 

29.27 

28.92 

28.64 

.... 

H 

1.74 

2.09 

2.25 

.... 

Br 
CH3O 

55.75 
10.80 

.... 

.... 

55-98 

55-93       •••• 
10.15 

The  substance  is,  therefore,  the  4-methoxy-3-5-dibrom- 
-azoxybenzol.  The  formation  of  this  substance  depended  on 
the  strength  of  the  sodic  methylate  solution  used  and  not  on 
the  fact  that  the  mixture  was  boiled,  as  a  mixture  of  the  tri- 
bromnitrobenzol,  even  after  boiling  for  two  days  with  a  more 
dilute  solution  of  sodic  methylate,  gave  only  the  dibromnitro- 
anisol,  melting  at  122°,  with  some  of  the  corresponding  phenol 
melting  at  141°.  On  the  other  hand,  the  azoxy  compound 
was  formed  when  the  mixture  of  the  tribromnitrobenzol  and 
the  stronger  solution  of  sodic  methylate  was  allowed  to  stand 
in  the  cold.  In  every  case  some  of  the  dibromnitroanisolwas 
formed  also,  which  was  obtained  from  the  filtrate  and  the  alco- 
holic washings.  The  filtrate  also  gave  a  test  for  a  bromide 
but  none  for  a  nitrite. 

The  methoxydibromazoxybenzol  was  also  made  from  the 
dibromnitroanisol,  melting  at  122°,  by  boiling  a  mixture  of  3 
grams  of  the  anisol  and  the  sodic  methylate  from  2.25  grams 
of  sodium  and  30  cc.  of  methyl  alcohol.  After  the  mixture 
had  been  boiled  for  three  hours  in  a  flask  with  a  return-con- 
denser, it  was  precipitated  with  water  and  the  precipitate 
Tjoiled  with  alcohol  to  remove  any  unaltered  anisol,  when  the 
residue,  insoluble  in  alcohol,  showed  the  melting-point  of  the 
azoxy  compound,  214°. 

Properties  of  the  4-Methoxy-j,^-bromdiazoxy benzol, 
(CgHjBrj.OCHJjNjO. — It  crystallizes  from  benzol  in  radia- 
ting, brush-like  bundles  of  yellowish- white  needles.  It  melts 
at  214°  and  is  easily  soluble  in  chloroform;  soluble  in  benzol; 
■slightly  soluble  in  acetone  or  glacial  acetic  acid;  nearly  insol- 
uble in  methyl  alcohol  or  ether;  essentially  insoluble  in 
■alcohol,  ligroin,  or  water,  whether  hot  or  cold.     It  is  insolu- 
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ble  in  strong  hydrochloric  acid.  A  specimen  of  the  substance 
was  found  to  be  unchanged  after  it  had  been  boiled  for  four 
days  with  a  solution  of  stannous  chloride,  strong  hydrochloric 
acid,  and  tin.  Aluminium  and  sodic  hydrate  also  seemed  ta 
have  no  action  on  it.  On  the  other  hand,  zinc  dust  and 
acetic  acid  seemed  to  reduce  it,  although  we  did  not  succeed  in 
isolating  the  product,  and  with  hydriodic  acid  it  underwent  a 
decomposition  reaching  apparently  to  the  destruction  of  the 
benzol  rings. 

Reduction  of  the  2,6-Dtbrom-4.-nitroanisol  {2,6-Dibrom-4- 
aminoanisol) . — One  gram  of  the  dibromnitroanisol  was  mixed 
with  about  lo  cc.  of  a  solution  of  stannous  chloride  prepared 
from  2  grams  of  tin,  a  little  granulated  tin,  and  lo  cc.  of 
strong  hydrochloric  acid,  and  the  mixture  was  boiled  for  six 
hours  in  a  flask  with  a  return-condenser.  At  the  end  of  this 
time  all  the  organic  matter  had  gone  into  solution,  and  on 
cooling,  a  double  tin  salt  in  large  white  flakes  crystallized  out  so 
freely  that  the  mixture  became  almost  solid.  These  crystals 
were  filtered  out,  washed  with  very  little  cold  water,  dissolved 
in  a  few  cc.  of  hot  water,  and  the  boiling  solution  treated  with 
an  excess  of  sodic  hydrate.  A  white  precipitate  was  formed 
in  this  way,  which  melted  partially  in  the  boiling  water. 
This  was  filtered  out,  washed,  and  after  drying  for  a  few 
minutes  boiled  out  with  ligroin  (boiling  between  70°  and  90°) ^ 
the  ligroin  extract  was  filtered  hot,  and  on  cooling  deposited 
white  crystals  of  the  anisidine,  which  were  recrystallized  from 
ligroin  until  they  showed  the  constant  melting-point  64°  to 
65°.  An  additional  amount  of  the  substance  was  obtained  by 
extracting  the  sodic  hydrate  solution  with  ligroin.  It  was 
dried  in  vacuo  and  analyzed  with  the  following  result  : 

0.1 25 1  gram  substance  gave,  by  the  Carius  method,  0.1679. 
gram  of  argentic  bromide. 

Calculated  for 
CeHoBro.NHo.OCHs.  Found. 

Br  56.94  57.14 

This  dibromanisidine  has  been  prepared  by  Staedel,^  but 
he  did  not  give  its  melting-point,  or  a  full  description  of  its. 

1  Ann.  Chem.  (Liebig),  317,  71  (1883). 
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properties,  which  we  have  observed  as  follows :  It  crystal- 
lizes frota  cold  alcohol  in  rather  short,  white  prisms,  some- 
times terminated  by  a  basal  plane,  more  often  by  several 
planes  at  a  very  obtuse  angle  to  each  other.  It  melts  at  64° 
to  65°,  and  is  easily  soluble  in  ethyl  or  methyl  alcohol,  ether, 
benzol,  chloroform,  acetone,  or  carbonic  disulphide;  soluble 
in  glacial  acetic  acid;  slightly  soluble  in  cold  ligroin,  freely 
soluble  in  hot  ligroin;  insoluble  in  water.  The  best  solvent 
for  it  is  ligroin. 

For  further  identification  we  prepared  and  analyzed  the 
chloride.  For  this  purpose  0.3  gram  of  the  anisidine,  dis- 
solved in  100  cc.  of  dry  benzol,  was  treated  with  hydrochloric 
acid  gas.  The  white  precipitate  thus  obtained  was  washed . 
with  dry  benzol,  dried  in  vacuo,  and  analyzed  with  the  follow- 
ing result : 

0.2120  gram  substance  gave,  by  the  Carius  method,  0.3446 
gram  of  the  mixture  of  AgCl  and  AgBr. 

Calculated  for 
CeHoBrs.OCHgNHsCl.  Found. 

Cl  +  Br  61.57  61.18 

Staedel  prepared  this  chloride,  and  also  the  sulphate  and 
oxalate  of  this  dibromanisidine. 

Action  of  Sodic  Ethylate  on  j ,4,^-Tribromnitrobenzol. 

2 ,6-Dibrom-4.-nitrophe7ietol,  CeH3Brj.OCrH5.NO2. -Two  grams 
of  the  3,4,5-tribromnitrobenzol  dissolved  in  5  cc.  of  benzol 
were  mixed  with  a  solution  of  sodic  ethylate  made  from  0.5 
gram  of  sodium  and  30  cc.  of  absolute  alcohol,  and  the  mix- 
ture was  allowed  to  stand  at  ordinary  temperatures  for  four  or 
more  days,  after  which  the  brown  solution  was  diluted  with 
a  quantity  of  water  and  the  precipitate  washed  and  purified 
by  crystallization  from  alcohol,  with  the  aid  of  bone-black, 
until  it  showed  the  constant  melting-point  58°  to  59°,  when  it 
was  dried  in  vacuo  and  analyzed  with  the  following  result : 

I.  0.1230  gram  substance  gave,  on  combustion,  0.1322 
gram  CO,  and  0.0348  gram  H^O. 

II.  0.3036  gram  substance  gave,  by  the  Carius  method, 
-0.3491  gram  AgBr. 
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Calculated  for 
CgHaBra.OCsHgNOj. 

I. 

c 

H 

29-54 
2.15 

29.32 
3-i6 

Br 

49-23 

.... 

48.93 

The  yield  was  essentially  quantitative. 

Properties  of  the  2,6-Dibrom-4.-nitropheyietol. — It  crystallizes 
from  alcohol  in  long,  tapering,  very  sharp,  white  needles  ar- 
ranged in  radiating  groups,  and  showing  a  tendency  to  branch. 
It  melts  at  58°  to  59°,  and  is  very  soluble  in  ether,  benzol, 
chloroform,  or  acetone  ;  fairly  soluble  in  hot,  less  soluble  in 
cold  ethyl  alcohol ;  somewhat  more  soluble  in  methyl  than  in 
ethyl  alcohol ;  soluble  in  ligroin  ;  essentially  insoluble  in 
water.     Alcohol  is  the  best  solvent  for  it. 

StaedeP  has  prepared  a  2,6-dibrom-4-nitrophenetol,  which 
he  found  melted  at  108°.  Our  compound,  which  should  have 
the  same  structure,  melts  at  58°  to  59°.  Our  analyses  leave 
no  doubt  that  it  is  a  dibromnitrophenetol,  but,  as  it  is  possi- 
ble to  form  two  different  dibromnitrophenetols  from  the  3,4,5- 
tribromnitrobenzol  (OC2H5i.Br22,6.N024  and  OCjH5i.Brj2,3. 
N0j5),  we  determined  the  constitution  of  our  substance  as 
follows  :  A  quantity  of  the  dibromnitrophenetol  was  saponi- 
fied by  boiling  it  in  a  flask  with  a  return-condenser  with  sul- 
phuric acid  of  sp.  gr.  1,44.  The  phenol  thus  obtained,  after 
recrystallization  from  benzol,  melted  at  141°,  the  melting-point 
of  the  2,6-dibrom-4-nitrophenol.  There  can  be  no  doubt, 
therefore,  that  our  compound  is  the  2,6-dibrora-4-nitrophene- 
tol.  This  2,6-dibrom-4-nitrophenol  was  the  substance  from 
which  Staedel  prepared  his  phenetol,  melting  at  108°,  and  ac- 
cordingly we  repeated  Staedel's  work  to  see  if  we  could  find 
the  reason  for  the  difference  between  the  melting-points  ob- 
served by  him  and  by  us.  For  this  purpose  we  made  the  2,6- 
dibrom-4-nitrophenol  by  the  action  of  bromine  vapor  upon  the 
4-nitrophenol  dissolved  in  a  large  quantity  of  water.  The 
product,  which  showed  the  correct  melting-point  141°,  was 
converted  into  the  potassium  salt  with  potassic  carbonate,  and 
a  solution  of  this  precipitated  with  argentic  nitrate  to  form 
the  silver  salt.     The  dried  silver  salt  was  heated  to  100°  for 

1  Ann.  Chem.  (Liebig),  217,  67  (1883). 
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eight  hours  in  a  sealed  tube  with  ethyl  iodide.  The  product, 
mixed  with  some  alcohol,  was  poured  off  from  the  argentic 
iodide,  and  on  evaporation  yielded  crystals  of  the  2,6-dibrom- 
4-nitrophenetol,  which  melted  at  58°  to  59°,  like  that  prepared 
by  us  from  3,4,5-tribromnitrobenzol.  As  in  this  experiment 
we  had  followed  the  method  of  Staedel  as  carefully  as  possi- 
ble, we  are  forced  to  the  conclusion  that  he  is  in  error  in 
ascribing  the  melting-point  108°  to  the  2,6-dibrom-4-nitro- 
phenetol. 

4-Ethoxy-^,^-dibromazoxy  benzol,  (CgH2Br2.0C2H5)3N20.  — 
This  substance  was  obtained  when  the  3,4,5-tribromnitroben- 
zol was  treated  with  a  much  stronger  solution  of  sodic  ethylate 
than  that  which  yielded  the  phenetol.  Heating  the  mixture 
promotes  the  formation  of  the  azoxy  compound,  but,  as  the 
product  in  this  case  is  very  impure,  it  is  wiser  to  carry  on  the 
preparation  in  the  cold.  Occasionally  this  compound  was 
formed  even  with  the  dilute  solutions  of  the  ethylate,  which 
usually  gave  the  phenetol.  We  have  not  succeeded  in  dis- 
covering the  cause  of  this  abnormal  behavior.  The  best . 
method  for  preparing  this  substance  was  as  follows :  Ten 
grams  of  3,4,5-tribromnitrobenzol  were  mixed  with  the  sodic 
ethylate  made  from  3.5  grams  of  sodium  and  60  cc.  of  abso- 
lute alcohol,  and  the  mixture  allowed  to  stand  in  a  corked 
flask  at  ordinary  temperatures  for  three  or  more  days.  The 
dark-brown  liquid  thus  obtained  was  diluted  with  water,  and 
the  precipitate,  after  washing  with  water,  was  extracted  with 
a  small  amount  of  alcohol  to  remoye  any  phenetol  which 
might  have  been  formed.  The  residue  was  then  extracted 
several  times  with  ligroin,  which  dissolved  the  azoxy  body, 
thus  separating  it  from  the  dark-colored,  tarry  impurities.  It 
was  purified  by  crystallization  from  ligroin  or  benzol  until  it 
showed  the  constant  melting-point  163°,  when  it  was  dried  at 
100°  and  analyzed  with  the  following  results  : 

I.  0.1983  gram  substance  gave,  on  combustion,  0.2262  gram 
COj  and  0.0569  gram  H,0. 

II.  0.1974  gram  substance  gave,  by   the  Carius  method, 
0.2467  gram  AgBr. 
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III.  0.2569  gram  substance  gave,  by  the  Carius  method, 
0.3202  gram  AgBr. 


Calculated  for 

Found. 

(CsHsBroOCoHsJoNjO. 

I. 

II. 

c 

31-89 

31.91 

.... 

H 

2.32 

3-27 

.... 

Br 

53-15 

.... 

53-22 

53-07 

The  dibromethoxyazoxybenzol  can  also  be  prepared  from 
the  dibromnitrophenetol  melting  at  58°  to  59°  by  boiling  it  for 
half  an  hour  with  a  strong  solution  of  sodic  ethylate  (0.25 
gram  of  sodium  and  30  cc,  of  alcohol  to  i  gram  of  the  phene- 
tol). 

Properties  of  the  j  ,^-Dibrom-^-ethoxya20xybenzoL — It  crys- 
tallizes from  benzol  in  long,  very  slender,  yellowish-white 
needles,  which  melt  at  163'.  It  is  soluble  in  benzol  or  chloro- 
form ;  slightly  soluble  in  alcohol,  methyl  alcohol,  ether,  glacial 
acetic  acid,  or  ligroin.  The  best  solvent  for  it  is  benzol. 
Sodic  hydrate  in  aqueous  solution  decomposes  it  only  to  a 
slight  extent,  even  when  boiled  with  it  for  some  time.  It 
forms  no  salt  with  hydrochloric  acid,  which  is  without  action 
on  it  even  when  boiling. 

Reduction  of  the  2 ,6-Dibrom-4-nitrophenetol  (^2,6-Dibrom-^- 
ami7iophenetol),C^'H.^Br2.0CJi^.l^'H.^. — Three  grams  of  the 
2,6-dibrom-4-nitrophenetol  were  mixed  with  15  cc.  of  the  solu- 
tion of  stannous  chloride  made  from  3  grams  of  tin.  Some 
pieces  of  tin  and  a  little  strong  hydrochloric  acid  were  added, 
and  the  mixture  boiled  in  a  flask  with  a  return-condenser  un- 
til almost  the  whole  of  the  phenetol  had  gone  into  solution. 
The  solution  was  filtered  hot  to  get  rid  of  the  tin,  and  the  fil- 
trate, on  cooling,  became  filled  with  white  crystals,  probably 
of  a  double  tin  salt.  These  were  filtered  out  and  boiled  with 
water  and  a  little  sodic  hydrate  for  a  few  minutes,  and  the  pre- 
cipitate filtered  off  after  it  had  solidified  on  cooling.  The  fil- 
trate from  the  crystals  treated  in  the  same  way  gave  an  addi- 
tional quantity  of  the  base.  The  sodic  hydrate  filtrates,  on 
extraction  with  ether,  gave  so  little  of  the  base  that  this 
treatment  is  not  worth  while.  The  two  precipitates  were  ex- 
tracted repeatedly  with  ligroin  to  separate  the  organic  matter 
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from  hydrate  of  tin,  and  the  extract  purified  by  crystalHzation 
from  ligroin  until  it  showed  the  constant  melting-point  107°, 
when  it  was  dried  in  vacuo  and  analyzed  with  the  following 
result  : 

0.1338  gram  substance  gave,  by  the  Carius  method,  0.1710 
gram  AgBr. 

Calculated  for 
C4H2Bro.OC2H6.NHs.  Found. 

Br  54.24  54.38 

Properties  of  the  2 ,6-Dibrom-4-aminophenetoL — It  crystal- 
lizes from  alcohol  in  broad,  white  plates  terminated  by  two 
planes  at  an  acute  angle  to  each  other,  with  the  angle  trunca- 
ted by  a  basal  plane.  It  melts  at  107°.  It  is  freely  soluble 
in  benzol,  ether,  or  acetone  ;  soluble  in  alcohol  or  chloroform  ; 
nearly  insoluble  in  cold,  soluble  in  hot  ligroin.  Alcohol  is 
the  best  solvent  for  it. 

The  chloride  of  the  base  was  prepared  by  passing  hydro- 
chloric acid  gas  into  its  solution  in  benzol.  The  precipitate 
was  washed  with  benzol,  dried  in  vacuo,  and  analyzed  with 
the  following  result : 

0.2056  gram  substance  gave,  by  the  Carius  method,  0.3175 
gram  mixture  of  AgCl  and  AgBr. 

Calculated  for 
CoHjBro.OCaHs.NHaCl.  Found. 

Cl  +  Br  58.98  58.11 

Staedel,'  who  discovered  this  dibromphenetidine,  gives  its 
melting-point  as  67°,  whereas  we  observed  it  as  107°.  The 
analyses  and  methods  of  preparation  establish  the  identity  of 
these  two  bodies  beyond  a  doubt.  We  are  no  more  able  to 
explain  the  difference  between  the  melting-points  observed  by 
Staedel  and  by  us  than  in  the  corresponding  case  of  the  di- 
bromnitrophenetol  from  which  the  dibromphenetidine  was 
prepared,  where  Staedel  gives  the  melting-point  108°,  but  we 
found  58°  to  59°. 

Upon  boiling  the  3,4,5-tribroranitrobenzol  with  water  con- 
taining a  little  potassic  carbonate  for  sixteen  hours  very  little 
action  was  observed.     The  amount  of  phenol  formed  was  too 

1  Ann.  Chem.  (Liebig),  217,  72. 
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small  for  identification,  and  most  of  the  original  substance 
was  recovered  unaltered.  When  the  3,4,5-tribromnitrobenzol 
was  boiled  with  sodic  hydrate,  on  the  other  hand  ( i  gram 
tribromnitrobenzol,  i  gram  of  sodic  hydrate,  and  10  cc.  of 
water),  for  sixteen  or  more  hours,  a  considerable  quantity  of 
the  2,6-dibrom-4-nitrophenol  was  formed,  which  was  recog- 
nized by  its  melting-point,  141°.  Sodic  malonic  ester  seems 
to  react  with  the  3,4,5-tribromnitrobenzol,  as  a  red  substance 
was  formed,  but,  even  after  long  standing  or  boiling  with  a 
return-condenser,  most  of  the  original  substance  was  recovered 
unaltered.  The  same  remark  applies  with  even  greater  force 
to  the  action  of  sodic  acetoacetic  ester.  Aniline  also,  even  at 
its  boiling-point,  showed  little  or  no  action  on  the  3,4,5-tri- 
bromnitrobenzol, which  was  recovered  from  the  mixture  with 
unaltered  melting-point. 

J, ^,5-  Tribrom-i ,2-dinitrobenzol,  C5HBr3(NOj)2. 

To  prepare  this  substance  50  grams  of  the  3,4,5-tribromuitro- 
benzol  were  mixed  with  200  cc.  of  fuming  nitric  acid  and  50  cc. 
of  strong  sulphuric  acid,  and  the  mixture  heated,  in  a  flask  closed 
with  a  porcelain  crucible, to  a  temperature  just  below  its  boiling- 
point  for  two  hours.  At  the  end  of  this  time  a  considerable 
quantity  of  solid  had  separated,  but,  disregarding  this,  the 
heating  was  continued  for  half  an  hour  longer,  and  then  the 
product  was  poured  into  a  large  quantity  of  cold  water,  and 
allowed  to  stand  over  night.  The  precipitate  was  filtered  out, 
and  proved  pure  enough  for  use  in  other  preparations.  The 
yield  was  essentially  quantitative.  For  analysis,  it  was  puri- 
fied by  crystallization  from  alcohol  until  it  showed  the  con- 
stant melting-point  160°,  when  it  was  analyzed  with  the  fol- 
lowing result  : 

0.1700  gram  substance  gave,  by  the  Carius  method,  0.2372 
gram  AgBr. 

Calculated  for 

C6HBr3{N02)2-  Found. 

Br  59.26  59-39 

Properties 0/3,4,3-  Tribrom-i ,2-dinitrobenzol . — It  forms  large, 
well- formed,  yellowish- white  prisms,  terminated  by  many 
planes  and  apparently  belonging  to  the  monoclinic  system. 
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It  melts  at  160°,  and  is  freely  soluble  in  benzol,  chloroform, 
acetone,  or  glacial  acetic  acid  ;  soluble  in  hot  ethyl  or 
methyl  alcohol,  or  ether,  slightly  soluble  in  these  solvents 
when  cold  ;  slightly  soluble  in  hot,  even  less  so  in  cold  ligroin; 
essentially  insoluble  in  water.  An  attempt  was  made  to  con- 
vert it  into  the  trinitro  body  by  treatment  with  fuming  sul- 
phuric and  nitric  acids,  and,  although  no  definite  result  was 
obtained,  the  indications  of  the  experiment  were  so  favorable 
that  this  subject  will  be  taken  up  hereafter  in  this  laboratory. 

Action  of  Cold  Sodic  Methylate  on  the  3,4,5-  Tribrom-i ,2-ainitro- 
be7izol. 

2,3,4-Tribrom-6-nitroanisol,  CgHBr^.NOj.OCHg.— A  dilute 
solution  of  sodic  methylate  was  prepared  by  adding  i  gram  of 
sodium  to  200  cc.  of  methyl  alcohol.  After  this  had  cooled, 
10  grams  of  the  powdered  tribromdinitrobenzol  were  added 
and  the  mixture  allowed  to  stand  at  ordinary  temperatures 
with  frequent  shaking.  In  half  an  hour  the  liquid  became 
filled  with  needles,  which  were  filtered  out,  washed  with^ 
water,  and  recrystallized  from  hot  alcohol  until  they  showed 
the  constant  melting-point  109°  to  110°.  The  wash-water 
gave  a  test  for  a  nitrite  but  none  for  a  bromide.  It  also 
seemed  to  contain  a  small  quantity  of  the  salt  of  a  phenol,  as 
it  was  yellow,  and  gave  a  trace  of  a  precipitate  when  acidified. 
The  new  organic  substance  melting  at  109°  to  110°  was  dried 
in  vacuo  and  analyzed  with  the  following  results  : 

I.  0.2012  gram  substance  gave,  by  the  Carius  method, 
0.2920  gram  AgBr. 

II.  0.2954  gram  substance  gave  0.4290  gram  AgBr. 

Calculated  for  Found. 

C6HBr3.NO2.OCH3.  I.  II. 

Br  61.38  61.77  61.81 

Properties  of  2,3,4-Tribrom-6-nitroanisol. — It  crystallizes 
from  alcohol  in  matted  spherical  masses  of  very  slender,  radia- 
ting white  needles,  which  melt  at  109°  to  1 10°.  It  is  freely  sol- 
uble in  ether,  benzol,  chloroform,  or  acetone ;  slighth''  soluble  in 
ethyl  or  methyl  alcohol,  glacial  acetic  acid,  or  ligroin  ;  essen- 
tially insoluble  in  water.  We  did  not  succeed  in  saponifying 
it  by  boiling  it  with  sulphuric  acid  of  sp.  gr.  1.44. 
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Action  of  Boiling  Sodic  Methylate  on  ^,4,^-Tribrovi-i,2-dinitro- 
benzol. 

Dimethoxydibromnitrobenzol,  CgHBr^.NO^COCH,),.  —Two 
grams  of  the  tribromdinitrobenzol  were  mixed  with  the  solu- 
tion of  sodic  methylate  made  from  0.25  gram  of  sodium  and 
25  cc.  of  methyl  alcohol,  and  the  mixture  boiled  for  an  hour 
in  a  flask  with  a  return-condenser.  Upon  pouring  the  prod- 
uct into  water  a  yellow  precipitate  was  obtained  which  was 
purified  by  recrystallization  from  alcohol.  In  most  cases  it 
was  found  necessary  to  start  this  crystallization  by  the  intro- 
duction of  a  little  of  the  solid.  The  aqueous  liquid  gave  a 
test  for  a  nitrite  and  for  a  bromide,  and  also  contained  the 
salt  of  a  phenol,  to  judge  from  its  yellow  color  and  a  slight 
precipitate  when  acidified,  but  the  amount  was  too  small  for 
identification.  The  principal  product  lost  its  yellow  color  on 
recrystallization  and  melted  constant  at  81°,  when  it  was  dried 
in  vacuo  and  analyzed  with  the  following  result : 

0.2818  gram  substance  gave,  by  the  Carius  method,  0.3 116 
gram  AgBr. 

Calculated  for 
C6HBr2.N02(OCH3)2.  Found. 

Br  46.91  47.06 

The  same  substance  was  formed  also  by  boiling  the  anisol, 
CgHBrj.NOj.OCHg,  with  a  methyl  alcohol  solution  of  sodic 
methylate. 

Properties  of  the  Dimethoxydibromnitrobenzol . — When  crys- 
tallized from  alcohol,  it  forms  tufts  of  very  slender,  long, 
branching,  white  needles,  which  rilelt  at  81°.  It  shows  a  ten- 
dency to  turn  brown  on  standing.  It  is  freely  soluble  in  alco- 
hol, ether,  benzol,  chloroform,  or  acetone  ;  slightly  soluble  in 
methyl  alcohol,  glacial  acetic  acid,  or  ligroin  ;  essentially  in- 
soluble in  water.  Alcohol  or  ether  is  the  best  solvent  for  it. 
Our  attempts  to  saponify  this  substance  with  sulphuric  acid, 
or  to  reduce  it  with  tin  and  hydrochloric  acid,  led  to  unprom- 
ising black  tars. 
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Action  of  Cold  Sodic  Ethylate  on  3,4,'j-  Tribrom-i ,2-dinitro- 
benzol. 

2, J  ,4-  Tribrom-6-nitrophenetol,  CsHBr,.  NO^.  OC^Hj.  —  Six 
grams  of  the  3,4,5-tribrom-i,2-dinitrobenzol  were  mixed  with 
the  sodic  ethylate  made  from  0.8  gram  of  sodium  and  45  cc. 
of  absolute  alcohol,  and  the  mixture  shaken  at  ordinary  tem- 
peratures for  about  fifteen  hours.  The  product,  which  was 
more  highly  colored  than  in  the  corresponding  experiment 
with  the  methylate,  was  precipitated  with  water.  The  aque- 
ous filtrate  gave  a  strong  test  for  a  nitrite,  a  weaker  test  for  a 
bromide,  and  contained  a  minute  amount  of  some  phenol. 
The  precipitate,  which  was  nearly  white,  was  purified  by  re- 
crystallization  from  alcohol,  until  it  showed  the  constant  melt- 
ing-point 74°.  The  substance  was  deposited  from  its  alco- 
holic solution  as  an  oil,  which  solidified  when  touched  with  a 
crystal  of  the  compound.  The  pure  body  was  dried  in  vacuo 
and  analyzed  with  the  following  results  : 

0.1988  gram  substance  gave,  by  the  Carius  method,  0.2755 
gram  AgBr.  , 

Calculated  for 
CoHBrg.NOo.OCsHe.  Found. 

Br  59.40  58.95 

Properties  of  the  Tribromnitrophenetol. — It  crystallizes  from 
alcohol  in  little,  white  rosettes,  which  turn  yellow,  and  after- 
ward brown,  on  standing.  It  melts  at  74°.  It  is  freely  solu- 
ble in  ether,  benzol,  chloroform,  or  acetone  ;  slightly  soluble 
in  alcohol,  methyl  alcohol,  glacial  acetic  acid,  or  ligroin.  We 
tried  to  saponify  it  by  boiling  it  with  sulphuric  acid  of  sp.  gr. 
1.44,  but  obtained  only  dark  decomposition-products,  from 
which  we  did  not  succeed  in  isolating  a  definite  compound. 

When  the  action  of  the  sodic  ethylate  on  the  3,4,5-tribrom- 
1,2-dinitrobenzol  was  carried  on  at  the  boiling-point  of  alco- 
hol, the  product  was  a  reddish  tar  of  most  unpromising  ap- 
pearance. 

Action  of  an  Aqueous  Solution  of  Sodic  Hydrate  on  3^4., §-Tri- 
brom-i  ,2-dinitrobenzol. 

Ten  gramsof  the3,4,5-tribrom-i,2-dinitrobenzol  were  boiled 
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in  a  flask  with  a  return-condenser  with  150  cc.  of  a  10  per 
cent  solution  of  sodic  hydrate  prepared  from  sodium.  The 
liquid  turned  dark-red  almost  immediately,  and  in  a  few  hours 
began  to  deposit  a  bright  crimson,  crystalline  precipitate.  To 
make  the  reaction  as  complete  as  possible  the  boiling  was 
continued  for  about  fourteen  hours,  after  which  the  liquid 
was  allowed  to  cool  and  the  precipitate  filtered  out.  It  was 
then  washed  through  the  filter  with  hot  water  in  order  to 
separate  it  from  unaltered  tribromdinitrobenzol.  A  portion  of 
this  filtrate  was  acidified  with  dilute  nitric  acid,  the  precipi- 
tate formed  filtered  out,  and  the  filtrate  tested  for  a  nitrite 
with  starch  paste  and  potassic  iodide,  when  a  strong  test  was 
obtained.  Another  portion  of  the  filtrate  showed  a  mere  trace 
of  bromide  with  argentic  nitrate.  The  main  portion  of  the 
filtrate  was  acidified  with  hydrochloric  acid,  which  threw 
down  a  yellow  crystalline  precipitate  of  the  free  phenol.  The 
solution  was  kept  cool  during  the  acidification,  as  otherwise 
the  precipitate  showed  a  tendency  to  be  tarry.  The  substance 
was  also  purified  sometimes  by  precipitating  at  once  with  hy- 
drochloric acid  and  removing  the  unaltered  tribromdinitro- 
benzol with  cold  benzol,  in  which  it  is  soluble,  but  the  phenol 
nearly  insoluble.  This  separation,  however,  is  rather  more 
tedious  than  that  with  boiling  water.  The  crude  phenol  in 
either  case  was  recrystallized  from  hot  benzol  until  it  showed 
the  constant  melting-point  120°  to  121°,  when  it  was  dried  and 
analyzed  with  the  following  results  : 

I.  0.2622  gram  substance  gave,  by  the  Carius  method, 
0.3939  gram  AgBr. 

II.  0.2135  gram  substance  gave  0.3209  gram  AgBr. 

Calculated  for  Found. 

C6HBr3.NO2.OH.  I.  II. 

Br  63.83  63.95  63.96 

These  analyses,  in  connection  with  those  of  its  salts  given 
later,  show  that  the  substance  was  formed  by  the  replacement 
of  one  nitro  group  by  a  hydroxyl.  Its  constitution  is  proba- 
bly HOi.Br32,3,4.N026,  and  although  this  has  not  been 
proved  experimentally,  the  arguments  given  in  the  introduc- 
tion to  this  paper  are  so  strongly  in  favor  of  this  constitution 
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that  we  shall  call  it  provisionally  the  2,3,4-tnbrom-6-nitro- 
phenol. 

Properties  of  the  2 ,j  ,4-  Tribrom-6-nitrophenol . — It  crj-stallizes 
-from  hot  benzol  in  rather  thick,  yellow  prisms  with  square,  or 
nearly  square  ends,  and  melts  at  120°  to  121°.  It  is  freely 
soluble  in  chloroform,  or  acetone,  or  in  hot  benzol,  but  is 
nearly  insoluble  in  cold  benzol ;  soluble  in  alcohol,  methyl 
alcohol,  ether,  or  glacial  acetic  acid  ;  slightly  soluble  in  water 
or  ligroin.  The  best  solvent  for  it  is  hot  benzol.  Fuming 
nitric  acid  seems  to  destroy  it  completely.  It  dissolves  easily 
in  an  aqueous  solution  of  sodic  hydrate  with  a  bright-red 
color. 

Sodium  Salt  of  the  2,j ,4-Tribrom-6-7titrophenol,  CgHBrg. 
NOj.ONa. — This  substance  was  prepared  by  treating  the  pure 
phenol  with  sodic  hydrate  made  from  sodium  and  water,  and 
purified  by  crystallization  from  hot  water.  It  can  also  be  pre- 
pared from  the  crude  sodium  salt,  which  is  the  direct  product 
of  the  reaction,  by  washing  it  with  cold  water  and  then  re- 
crystallizing  it  from  boiling  water.  After  standing  over  night 
in  a  desiccator  it  was  dried  at  110°,  when  the  loss  amounted 
to  less  than  0.3  per  cent,  which  showed  that  it  was  free  from 
water  of  crystallization. 

0.4018  gram  salt  yielded  0.0716  gram  Na^SO^. 

Calculated  for 
CeHBrg.NOo.ONa.  Found. 

Na  5.78  5.77 

The  salt  forms  bright  crimson  crystals,  which  are  very 
slightly  soluble  in  cold  water,  soluble  in  hot.  It  is  more  sol- 
uble in  alcohol  than  in  water.  An  aqueous  solution  of  the 
salt  gave  a  yellowish-orange  precipitate  with  strontic  nitrate, 
•a  brilliant  reddish-orange  precipitate  with  baric  nitrate,  and  a 
red,  flocculent  precipitate  with  plumbic  acetate. 

Silver  Salt  of  the  2,j,4-Tribrom-6-7iitrophenol,  CgHBrj.NOj. 
OAg. — This  substance  was  made  by  adding  argentic  nitrate 
to  a  solution  of  the  sodium  salt.  The  brilliant- red  precipitate 
was  washed  with  hot  water  and  dried  in  vacuo. 

0.4431  gram  salt  gave,  when  heated  in  a  sealed  tube  with 
nitric  acid,  0.1707  gram  AgBr. 
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Calculated  for 
C0HBr3.NO2.OAg.  Found. 

Ag  22.37  22.13 

It  forms  a  brilliant  red  powder,  essentially  insoluble  in  cold 
water,  but  very  slightly  soluble  in  boiling  water,  from  which 
it  separates  in  small,  red  needles. 

In  order  to  connect  this  phenol  with  the  anisol  formed  by 
the  action  of  sodic  methylateon  the  3,4,5-tribrom-i,2-dinitro- 
benzol,  we  tried,  as  already  stated,  to  saponify  the  anisol,  and 
when  this  led  to  no  satisfactory  result  we  turned  our  attention, 
to  preparing  the  anisol  from  the  silver  salt  of  the  phenol. 
For  this  purpose  0.5  gram  of  the  salt  was  heated  to  100°  in  a 
sealed  tube  with  10  cc.  of  methyl  iodide,  for  six  hours.  The 
alcoholic  extract  of  the  product  deposited  crystals  which,  after 
purification  by  recrystallization,  melted  at  109°  and  crystal- 
lized in  the  characteristic  form  of  the  anisol.  There  can  be 
no  doubt,  therefore,  that  the  same  nitro  group  is  replaced  by 
the  hydroxyl  and  by  the  methoxyl  group. 

Sodic  malonic  ester  acted  on  the  3,4,5-tribrom-i,2-dinitro- 
benzol  in  benzol  solution,  giving  a  red  salt.  On  acidifying 
this  a  substance  was  obtained  melting  at  103°  to  104°,  which, 
according  to  a  single  determination  of  bromine,  had  the  for- 
mula CeHBr/NOJjCHCCOOC.HJ,  (calculated  33.06,  found 
33.09),  but  as  this  is  the  only  case  observed  by  us  in  which 
an  atom  of  bromine  has  been  replaced  in  preference  to  a  nitro 
group,  we  do  not  feel  inclined  to  accept  this  formula  until  its 
correctness  has  been  tested  by  additional  experiments.  Sodic 
acetoacetic  ester  also  gave  a  similar  red  salt  with  the  3,4,5- 
tribrom- 1 , 2-dinitrobenzol. 

Action  of  Alcoholic  Ammonia  on  3,4,^-  Tribrom-i , 2-dinitrobenzol 
in  the  Cold. 

2,2>,4-Tribrom-6-nitra7iiline,  CgHBrg.NOa.NH^. — Ten  grams 
of  the  tribromdinitrobenzol  were  mixed  with  150  cc.  of  an 
alcoholic  solution  of  ammonia  in  an  Erlenmeyer  flask,  and 
the  mixture  shaken  for  half  an  hour.  A  yellow,  crystalline 
precipitate  was  formed  in  such  quantity  as  to  nearly  fill  the 
solution.  It  was  allowed  to  stand  over  night  to  complete  the 
reaction,  after  which  it  was  poured  into  water  and  the  yellow 
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precipitate  collected  on  a  filter.  The  aqueous  filtrate  gave  a 
strong  test  for  a  nitrite  and  a  very  faint  one  for  a  bromide. 
The  washed  precipitate  was  allowed  to  Axy  and  then  purified 
by  recrystallization  from  benzol  until  it  showed  the  constant 
melting-point  161°,  when  it  was  dried  in  vacuo  and  analyzed 
with  the  following  result : 

0.2486  gram  substance  gave,  by  the  Carius  method,  0.3754 
gram  AgBr. 

Calculated  for 
CeHBrg.NOo.NHs.  Found. 

Br  64.00  64.01 

The  substance  has  evidently  been  formed  by  the  replace- 
ment of  one  nitro  group  by  the  amino  group.  It  is  an  isomer 
of  the  tribromnitraniline,  prepared,  by  Gallivan  and  one  of  us,^ 
by  the  action  of  nitric  acid  on  the  3,4,5-tribromacetanilide, 
since  this  substance  melts  at  130°.  As  this  body,  from  the 
method  of  its  preparation,  must  have  the  constitution  NH^i, 
Br33,4,5.N022,  it  follows  that  our  compound  melting  at  161° 
must  have  the  only  other  possible  structure,  NH2i.Br32,3,4. 
NO26.  An  attempt  to  convert  the  2,3,4-tribrom-6-nitraniline 
into  the  corresponding  phenol  by  the  diazo  reaction  gave  a 
product  which  showed  a  strong  resemblance  to  the  tribromnitro- 
phenol,  melting  at  120°  to  121°,  described  above.  On  account  of 
a  mistake  in  the  work  we  cannot  bring  an  absolute  proof  of  the 
identity  of  these  two  bodies,  and,  unfortunately,  this  mistake 
was  discovered  so  late  that  it  could  not  be  corrected  without 
beginning  the  work  from  paranitraniline,  which  it  is  impossi- 
ble for  us  to  do  at  present.  The  structural  formulas  assigned 
to 'this  phenol  and  its  ethers  are,  therefore,  not  established  by 
strict  proof,  although  there  is  little  doubt  of  their  correct- 
ness. 

Properties  of  the  2,j,4-Tribrom-6-nitraniline. — It  crystallizes 
from  benzol  in  bright-yellow,  hair-like  needles  in  radiating 
bunches,  each  made  up  of  a  few  crystals.  It  melts  at  161°. 
It  is  freely  soluble  in  benzol,  chloroform,  or  acetone  ;  soluble 
in  ether,  methyl  alcohol,  or  glacial  acetic  acid;  slightly  solu- 
ble in  alcohol ;  and  insoluble  in  cold  ligroin  or  in  water.     In 

1  This  JOUKNAL,  20,  184  (1S98). 
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the  hope  of  making  a  salt,  some  of  the  substance  was  dissolved 
in  anhydrous  benzol  and  treated  with  gaseous  hydrochloric 
acid.  No  precipitate  was  formed,  and  the  solution  deposited 
the  unaltered  substance  recognized  by  its  melting-point,  i6i°. 
A  great  many  attempts  were  made  to  convert  the  substance 
into  the  corresponding  nitrotetrabrombenzol  as  a  step  toward 
the  preparation  of  the  vicinal  tetrabrombenzol,  but  our  ex- 
periments in  this  direction  led  to  no  decisive  results. 

Action  of  Alcoholic  Am-monia  on  j,4,^-Tribrom-T,2-dinitroben- 
zol  at  1 00°. 

Dibromnitrophenylenediamine,  CgHBr^ .  NOj  ( NHj )  ^ ,  —  Two 
grams  of  the  3,4,5-tribrom-i,2-dinitrobenzol  were  heated  to 
100''  in  a  sealed  tube  with  10  cc.  of  alcoholic  ammonia  for 
three  days.  At  the  end  of  this  time  the  contents  of  the  tube 
were  washed  into  a  beaker  of  water,  when,  upon  standing,  a 
yellow  precipitate  appeared,  which  was  filtered  out  from  the 
orange  liquid.  In  the  filtrate,  both  nitrite  and  bromide  were 
found,  and  also  the  tribromnitropheuol  melting  at  120°  to 
121°.  The  precipitate  was  recrystallized  from  hot  alcohol  un- 
til it  showed  the  constant  melting-point  189°  to  190°,  when  it 
was  dried  at  100°  and  analyzed  with  the  following  result : 

0.0984  gram  substance  gave,  by  the  Carius  method,  0.1187 
gram  AgBr. 

Calculated  for 
C6HBr2.N02(NH2)2.  Found. 

Br  51.44  51-36 

The  substance  is  formed,  therefore,  by  the  replacement  of  i 
atom  of  bromine  and  one  nitro  group  by  two  amino  groups. 
The  nitro  group  replaced  is  undoubtedly  that  lying  between 
one  atom  of  bromine  and  the  second  nitro  group,  as  this  was 
the  one  replaced  by  the  amino  group  during  the  action  of 
alcoholic  ammonia  in  the  cold.  The  bromine  replaced  would 
then  be  the  atom  para  to  the  remaining  nitro  group,  as  no 
other  is  in  a  position  to  be  replaced  easily,  if  the  tribromni- 
traniline  is  formed  before  the  replacement  of  the  bromine. 
This  would  give  the  substance  the  constitution  Br22,4.N026. 
(NH2)ji,3.      Some  qualitative   experiments   confirmed    this 
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view  of  the  structure  of  the  diamine.  A  small  quantity  of  it 
gave  no  blue  color,  when  treated  with  hydrochloric  acid,  fer- 
ric chloride,  and  sulphuretted  hydrogen.  It  would  seem, 
therefore,  that  it  is  not  a  paradiamine.  Another  sample  gave 
no  action  with  a  concentrated  acetic  acid  solution  of  phenan- 
threnequinone,  even  when  the  mixture  was  warmed ,  which 
would  indicate  that  it  was  not  an  orthodiamine.  This  leaves 
only  the  meta  position  for  the  two  amino  groups,  which  agrees 
with  the  conclusion  arrived  at  on  the  general  considerations 
stated  above.  We  therefore  adopt  the  name  2,4-dibrom-6- 
nitrometaphenylenediamine  for  this  substance,  but  it  should 
be  remembered  that  this  constitution  does  not  rest  on  strict 
experimental  proof,  as  the  absence  of  the  reaction  for  a  para- 
or  orthodiamine  may  have  been  due  to  the  presence  of  the 
strongly  negative  radicals  in  the  molecule,  although  this  does 
not  seem  very  probable. 

Properties  of  the  2 ,^-Dibrovt-6-nitronietaphenylenedia7nine . — 
It  crystallizes  in  hour-glass-shaped  bunches  of  branching 
needles,  which  have  a  bright-yellow  color  and  melt  at  189°  to 
190°.  It  is  very  freely  soluble  in  acetone  ;  soluble  in  alcohol, 
methyl  alcohol,  ether,  chloroform,  or  glacial  acetic  acid ; 
slightly  soluble  in  benzol  ;  very  slightly  soluble  in  ligroin  ; 
essentially  insoluble  in  water.  The  best  solvent  for  it  is  hot 
alcohol.  It  forms  no  chloride,  even  when  a  solution  of  it  in 
benzol  is  saturated  with  gaseous  hydrochloric  acid. 

Action  of  Aniline  on  the  3,4,5-  Tribrom-i ,2-dinitrobenzoL 

2,3,4-  Tribrom.-6-nitrodiphenylamine ,  CeHBrj.NOj.NHCeHj. 
— Half  a  gram  of  the  3,4,5-tribrom-i,2-dinitrobenzol  was 
boiled  with  a  few  cubic  centimeters  of  aniline,  in  a  test-tube,  for 
about  a  minute.  After  it  had  cooled  the  solution  was  poured 
into  water  and  the  excess  of  aniline  removed  with  dilute  hydro- 
chloric acid.  The  reddish-brown  product,  after  being  washed 
with  dilute  hydrochloric  acid  and  water,  was  recrystallized 
from  alcohol  until  it  showed  the  constant  melting-point  138° 
to  139°,  when  it  was  dried  and  analyzed  with  the  following 
result : 
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0.2173  gram  substance  gave,  by  the  Carius  method,  0.2726 
gram  AgBr. 

Calculated  for 
CoHBrg.NOs.NHCeHs.  Found. 

Br  53.21  53.38 

Properties. — When  first  crystallized  from  alcohol  it  gave  a 
mixture  of  short,  bright-red  prisms  and  rosettes  of  long,  deli- 
cate, yellow  needles,  but  after  several  crystallizations  from 
alcohol  it  was  converted  entirely  into  the  red  prisms.  It 
seems  probable  from  this  observation  that  it  occurs  in  two 
modifications,  as  this  is  not  unusual  in  related  aniline  bodies.^ 
It  melts  at  138°  to  139°.  It  is  soluble  in  ether,  benzol,  chloro- 
form, or  acetone  ;  slightly  soluble  in  alcohol,  methyl  alcohol, 
or  glacial  acetic  acid  ;  insoluble  in  ligroin  or  water.  The 
best  solvent  for  it  is  alcohol. 

Reductio7i  of  j,^,^-  Trihrom-i ^2-dinitrobenzol . 

3,4,3- Tribromorthophenylenediamine ,  CgHBr,(NH2)j. 

Twenty  grams  of  the  3,4,5-tribrom-i,2-dinitrobenzol  were 
warmed  on  the  steam-bath  in  an  Erlenmeyer  flask  with 
tin  and  strong  hydrochloric  acid  for  a  day.  The  grayish 
residue  was  filtered  out,  boiled  with  a  small  quantity 
of  aqueous  sodic  hydrate  to  remove  hydrates  of  tin,  and  this 
filtered  off  while  nearly  boiling.  The  diamine  was  then  ex- 
tracted from  the  insoluble  part  with  acetone,  leaving  the 
metallic  tin.  The  residue,  after  evaporating  off  the  acetone, 
was  purified  by  crystallization  from  alcohol  and  analyzed  with 
the  following  result : 

0.1600  gram  substance  gave,  by  the  Carius  method,  0.2610 
gram  AgBr. 

Calculated  for 

C6HBr3(NH,)2.  Found. 

Br  69.56  69.42 

This  analysis  was  confirmed  by  one  of  the  chloride  made 
by  dissolving  the  diamine  in  benzol,  saturating  with  gaseous 
hydrochloric  acid,  and  washing  the  precipitate  with  benzol, 
when  it  was  dried  in  vacuo  and  analyzed. 

1  This  Journal,  14,  348  ;  16,  35  ;  26,  5. 
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0.1686  gram  substance  gave,  by  the  Carius  method,  0.3107 
•gram  AgBr  and  AgCl. 

Calculated  for 
CeHBrg.NHa.NHaCl.  Found. 

Br  +  Cl  72.21  71.76 

The  melting-point  observed  by  us  was  91°,  but  owing  to  the 
ease  with  which  the  diamine  turned  brown  in  the  air  we  do  not 
feel  certain  that  it  is  exact.  It  is  freely  soluble  in  ether  or 
acetone  ;  soluble  in  alcohol,  methyl  alcohol,  benzol,  or  glacial 
acetic  acid ;  slightly  soluble  in  chloroform  ;  essentially  insol- 
uble in  ligroin  or  water.  With  hydrochloric  acid  it  gives  the 
salt  CfiHBrj.NH^.NHjCl,  as  already  mentioned. 

Diphenylene-j,4,^-tribromguinoxaline,  CeHBrgN^C^Ci^Hg.  — 
Two  grams  of  the  diamine  just  described,  dissolved  in  about 
30  cc.  of  alcohol,  were  mixed  with  1.2  grams  of  phenanthrene- 
quinone,  dissolved  in  somewhat  more  than  125  cc.  of  glacial 
acetic  acid.  The  mixture  nearly  solidified,  and  after  standing 
half  an  hour  the  precipitate  was  sucked  dry  on  the  pump,  ex- 
tracted several  times  with  a  mixture  of  acetone  and  very  little^ 
benzol,  pressed  on  a  porous  plate,  and  dried  in  a  desiccator 
containing  calcic  hydrate  and  chloride. 

0.2368  gram  substance  gave,  by  the  Carius  method,  0.2602 
gram  AgBr. 

Calculated  for 
CoHBr3N2Ci4H8.  Found. 

Br  46.40  46.77 

It  formed  a  yellow  solid,  which  did  not  melt  even  at  250^, 
and  was  essentially  insoluble  in  all  solvents. 

Diphenyl-3,4.,5-tribromquinoxaline,  CgHBrgNjC^CCsHs)^.  — 
Two  grains  of  the  orthodiamine  dissolved  in  alcohol  were 
mixed  with  1.2  grams  of  benzil  dissolved  in  glacial  acetic 
acid.  At  first  there  was  no  action,  but  after  adding  a  few 
crystals  of  benzil  a  brown  precipitate  began  to  form,  which 
was  deposited  in  considerable  quantity  after  the  mixture  had 
stood  over  night.  It  was  purified  by  washing  with  a  small 
quantity  of  alcohol  and  dried  in  a  desiccator  over  calcic  chlo- 
ride and  lime. 
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0.2153  gram  substance  gave,  by  the  Carius  method,  0.2345 
gram  AgBr. 

Calculated  for 
C6HBr3.N2Co(C6H6)2.  Found. 

Br  46.24  46.34 

It  forms  a  light,  brick-red  powder,  freely  soluble  in  benzol 
or  chloroform  ;  soluble  in  ether  or  acetone  ;  slightly  soluble 
in  alcohol,  methyl  alcohol,  or  glacial  acetic  acid  ;  essentially 
insoluble  in  ligroin  or  water. 


OBITUARY. 

HENRY  BARKER  HILI,. 

The  death  of  Henry  Barker  Hill,  on  April  6,  1903,  left  a 
gap  in  the  ranks  of  American  chemists  which  will  not  be 
easily  filled.  Born  at  Waltham,  April  27,  1849,  he  grew  up 
in  a  scholarly  atmosphere,  as  he  was  the  son  of  the  Rev. 
Thomas  Hill,  president  of  Antioch  College,  and  later  of 
Harvard  University.  After  graduating  from  Harvard  Col- 
lege, in  the  class  of  1869,  he  spent  a  year  in  Berlin,  studying 
chemistry  under  A.  W.  Hofmann,  and  in  1870  accepted  a 
position  in  Harvard  University,  where  he  served  for  the  fol- 
lowing thirty  years  as  Assistant,  Assistant  Professor,  Profes- 
sor, and  Director  of  the  lyaboratory. 

He  took  up  his  duties  in  Cambridge  with  only  a  meagre 
equipment  as  a  chemist  and  an  enthusiastic  determination  to 
make  a  place  for  himself  in  chemical  research,  but  the  neces- 
sary training  came  slowly,  as  he  was  without  a  teacher  and 
hampered  by  the  onerous  duties  of  his  position,  so  that  his 
first  paper  was  not  published  till  1876.  This  paper,  however, 
showed  none  of  the  crudeness  and  uncertainty  of  touch 
usually  characteristic  of  first  papers,  but  seemed  rather  the 
work  of  a  mature  finished  chemist.  In  it  he  described  methyl- 
uric  acid,  and  by  following  the  fate  of  the  methyl  group  in  its 
decomposition-products  succeeded  in  throwing  much  light  on 
the  constitution  of  uric  acid. 

His  attention,  however,  was  soon  diverted  from  this  line  of 
work,  promising  as  it  was,  by  his  discovery  of  furfurol  among 
the  waste  products  of  the  manufacture  of  acetic  acid  by  heat- 
ing wood  at  comparatively  low  temperatures,  and  the  ex- 
ploration of  the  almost  unknown  field  thus  opened  kept  him 
busy  till  the  end  of  his  life.  His  work  on  the  furfurane  group 
is  described  in  over  thirty  papers,  and  among  his  most  strik- 
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ing  achievements  may  be  noted  the  full  study  of  mucobromic 
and  mucochloric  acids  with  the  determination  of  their  puzzling 
constitution,  and  the  investigation  of  numerous  substituted 
propionic,  acrylic,  and  propiolic  acids  derived  from  them  ;  the 
description  of  the  brom-  and  chlorpyromucic  acids,  in  which 
the  interesting  fact  was  brought  out  that  these  two  halogens 
differ  in  their  behavior  with  pyromucic  acid  ;  the  discovery  of 
nitromalonic  aldehyde,  and  a  long  line  of  brilliant  aromatic 
syntheses  from  it  ;  a  study  of  methylfurfurol,  found  in  the 
fractions  boiling  above  furfurol,  and  of  its  most  important  de- 
rivatives. At  the  time  of  his  death  he  was  investigating 
pyrazol  compounds  from  the  oxime  of  nitromalonic  aldehyde, 
and  the  reduction^products  of  dehydromucic  acid,  some  of 
which  he  had  succeeded  in  separating  into  the  optically  active 
forms. 

His  work  has  converted  the  furfurane  group  from  one  of 
the  least  known  to  one  of  the  most  perfectly  explored  domains 
of  chemistry — a  monument  of  which  any  chemist  may  feel 
proud. 

An  examination  of  these  papers  brings  out  Hill's  great 
qualities  as  a  chemist — his  grasp  of  the  subject  and  power  of 
close  and  logical  reasoning,  his  uncommon  experimental 
ability,  and  above  all  the  thoroughness  and  accuracy  which 
were  his  most  striking  and  peculiar  characteristics.  These 
were  the  expression  of  his  almost  passionate  devotion  to  truth.  ' 
Most  chemists  are  content  to  accept  the  work  of  their  students 
after  testing  it  in  two  or  three  places,  but  he  was  never  willing 
to  publish  until  he  had  repeated  the  whole  of  it  with  his  own 
hands,  and  if  this  diminished  the  number  of  his  papers,  it 
gave  them  a  finish  and  authority  rarely,  if  ever,  found  in  those 
of  others. 

In  his  teaching  the  same  thoroughness  and  accuracy  were 
conspicuous.  No  one  ever  heard  an  incorrect  statement  in 
his  lectures,  which  were  models  of  comprehensiveness  and 
preservation  of  the  just  relation  between  the  important  and 
the  unimportant.  In  his  course  in  investigation  the  rigorous 
thoroughness  of  his  work  repelled  many  students,  but  this  did 
not  displease  him,  as  he  always  preferred  quality  to  quantity. 

This  is  not  the  place  to  dwell  on  his  wonderful  executive 
ability,  which  converted  an  antiquated  building,  planned  for 
40  students,  into  an  adequate  laboratory  for  700,  and  organ- 
ized the  varied  business  of  this  large  department  so  that  it 
runs  smoothly  even  now,  when  deprived  of  its  chief.  But  at- 
tention should  be  called  to  the  new  forms  of  apparatus  with 
which  he  has  enriched  the  laboratories  at  Cambridge — the 
unique  hoods  and  water-baths  for  the  public  rooms,  and  his 
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many  devices  for  research  work,  some  of  which  will  soon  be 
described  in  this  Journal. 

His  overflowing  energy  was  not  confined  to  his  profession. 
His  reading  was  wide  and  judicious  in  the  literatures  of  more 
than  one  language,  and  he  was  a  genealogist  and  a  musician 
of  no  mean  attainments. 

In  this  brief  note  I  have  tried  to  show  Hill  as  he  was,  a  man 
of  wide  interests  and  of  many  and  varied  excellencies,  an  ad- 
mirable teacher,  a  business  man  of  marked  ability,  an  in- 
genious inventor,  a  great  chemist,  and  above  all  a  lover  of 
truth.  c.  L.  J. 


REVIEWS. 

EiNFUHRUNG  IN  DIE  E1.EKTROCHEMIE;,  NACH  DER  ELEKTROLYTISCHEN 
DISSOCIATIONSTHEORIE.  Bearbeitet  von  PETER  GerdeS.  Mit  48  in 
den  Text  gedruckten  Abbildungen.  Druck  und  Verlag  von  Wil- 
helm  Knapp.     Halle,  a.  S.     1902.     pp.  123. 

The  ground  covered  by  this  little  book  can  be  seen  from 
the  table  of  contents.  A  discussion  of  electrical  units  is  fol- 
lowed by  an  account  of  osmotic  pressure,  which  omits  the  all- 
important  work  of  Morse  in  this  field.  Chapter  III  treats  of 
electrolysis  and  II  of  polarization.  The  subject  of  the  neu- 
tralization of  acids  and  bases  is  followed  by  a  brief  and  fairly 
satisfactory  description  of  a  number  of  the  most  common  forms 
of  primary  cells,  including  the  Daniell,  Bunsen,  IvCclanche, 
and  bichromate  batteries.  This  is  followed  by  a  brief  account 
of  the  electrolytic  deposition  of  the  metals. 

The  book  will  undoubtedly  be  found  useful  by  those  who 
have  not  the  time  nor  inclination  to  read  some  larger  work  on 
physical  chemistry.  h.  c.  j. 

Assaying  and  Metallurgicai.  Anai^ysis  for  the  Use  of  Students, 
Chemists,  and  Assayers.  By  E.  L.  Rhead,  Lecturer  on  Metal- 
lurgy, Municipal  School  of  Technology,  Manchester,  and  A.  Hum- 
boldt Sexton,  F.S.C,  F.C.S.,  Professor  of  Metallurgy,  Glasgow, 
and  West  of  Scotland  Technical  College.  London :  Longmans, 
Green  &  Co.     1902. 

This  beautifully  printed  and  illustrated  book  is  written  as  a 
comprehensive  handbook,  to  include  all  the  work  likely  to  be 
required  in  the  laboratory  or  assay  ofl&ce.  It  is  too  large  and 
too  varied  in  contents  to  supplant  the  smaller  manuals  of  as- 
saying or  of  analysis,  but  it  covers  the  entire  field. 

Part  I.,  52  pages,  describes  laboratory  apparatus  and 
general  methods.  In  Part  II.,  236  pages,  under  the  name  of 
each  metal,  a  complete  description  of  compounds,  reactions, 
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and  analytic  methods  is  given.  For  example,  under  the 
heading  Bismuth,  the  ores  and  alloys  are  described,  as  are  the 
chemical  reactions  by  tests  in  the  dry  way  and  in  solution  ; 
the  dry  assay,  {a)  of  ores  free  of  sulphur,  {b)  of  sulphurized 
ores  free  of  copper,  {c)  of  ores  with  copper  present ;  refining  ; 
the  wet  assay  ;  gravimetric  methods,  including  estimation  as 
oxide,  as  metal,  by  precipitation  as  sulphide  ;  treatment  of 
antimonial  and  arsenical  ores  ;  electrolytic  assay  ;  volumetric 
methods  ;  Abel  and  Fields'  method  for  the  determination  of 
bismuth  in  copper. 

Part  III.,  108  pages,  gives  examples  of  metallurgical  analy- 
sis. This  part  also  is  very  satisfactory,  and  avoids  repetition 
by  copious  cross-references  in  the  text.  As  an  example  taken 
at  random,  under  the  heading  Silicon  in  Iron  and  Steel,  the 
following  methods  are  well  treated  :  i .  Estimation  of  silicon 
by  solution  of  the  metal  in  acid  and  weighing  as  silica  ;  2. 
Drown's  sulphuric  acid  method  ;  3.  Allen's  method  ;  4.  Esti- 
mation by  iodine  ;   5.  By  chlorine. 

The  book  is  indeed  a  comprehensive  laboratory  handbook, 
and  as  such  should  be  welcomed  in  all  laboratories,  particu- 
larly in  those  for  technical  and  commercial  work.  E.  R. 

Guide  to  Preparation  Work  in  Inorganic  Chemistry  for  Stu- 
dents OF  Chemistry  and  Pharmacy.  By  Dr.  Reinhart  Bi,och- 
mann,  Professor  at  the  University  of  Konigsberg,  with  numerous 
illustrations.  Authorized  translation  by  James  I/EWIS  Howe,  Wash- 
ington and  Lee  University.  Published  by  the  Department  of  Chem- 
istry, Washington  and  Lee  University,  Lexington,  Virginia,  pp.  65. 
Price,  60  cents. 

The  first  German  edition  of  Blochmann's  book  was  pub- 
lished in  1895.  A  review  of  it  appeared  in  the  same  year  in 
this  Journal,^  in  which  it  was  favorably  mentioned. 

Few  teachers  of  chemistry  pay  enough  attention  to  inor- 
ganic preparations.  No  other  elementary  work  interests  stu- 
dents so  much.  If  a  beginner  in  the  laboratory,  who  has 
worked  a  little  ahead  of  his  class,  is  allowed  to  fill  up  extra 
time  by  making  one  or  two  preparations  with  due  care,  the 
stimulus  that  "  making"  something  gives  him  will  be  felt  in 
his  attitude  toward  his  later  work. 

Professor  Blochmann  uses  inexpensive  material  and  inge- 
niously utilizes  the  product  or  by-product  of  one  preparation  as 
material  for  others. 

Professor  Howe  has  used  this  book  for  several  years  in  his 
own  classes,  and  has  made  an  excellent  translation  from  a 
copy  specially  corrected  and  annotated  by  the  author.  It  is 
to  be  hoped  that  as  this  excellent  little  manual  is  now  obtain- 

1  This  Journal,  17,  544. 
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able  in  English  translation  at  a  low  price  it  may  come  into  fre- 
quent use.  E.  R. 

A  Course  in  Quautative  Chemical  Analysis.  By  F.  P.  Venable, 
Ph.D.,  F.C.S.,  Professor  of  Chemistry  in  the  University  of  North 
Carolina.  Revised  by  Alvin  S.  Wheelkr,  A.M.,  Ph.D.,  Associate 
Professor  of  Chemistry  in  the  University  of  North  Carolina.  Fourth 
edition.     New  York  :  University  Publishing  Co.     1902. 

Professor  Venable's  little  book,  while  very  brief  and  sim- 
ple, gives  careful  directions  for  work  and  clear  explanations 
of  the  various  reactions.  It  may  be  commended  to  those  who 
prefer  a  short  manual. 

The  General  Principles  of  Physical  Science  :  An  Introduction 
TO  the  Study  of  the  General  Principles  of  Chemistry.  By 
Arthur  A.  Noyes,  Professor  of  Theoretical  Chemistry  in  the  Massa- 
chusetts Institute  of  Technology.  New  York  :  Henry  Holt  &  Co. 
1902.     pp.  172. 

The  work  in  hand  is  not  a  complete  treatise  but  simply  the 
introduction  to  a  large  work  on  the  general  subject  of  theo- 
retical chemistry.  In  the  author's  words  :  "It  forms  the 
first  introductory  part  of  a  projected  work  upon  this  science 
to  be  entitled  '  The  General  Principles  of  Chemistry,'  the  lat- 
ter parts  of  which  are  to  treat  in  succession  of  the  general 
theories  of  chemistry,  of  the  relations  between  physical  prop- 
erties and  chemical  composition,  of  the  principles  relating  to 
the  occurrence  and  equilibrium  of  chemical  changes,  and  of 
the  principles  relating  to  the  energy  changes  attending  chem- 
ical changes." 

The  introduction  deals  with  the  object,  the  methods,  and 
the  subdivisions  of  science,  the  fundamental  concepts  of  physi- 
cal science,  the  general  principles  relating  to  matter,  and  the 
general  principles  relating  to  energy. 

It  is  obvious  that  this  but  paves  the  way  for  the  general 
discussion  of  theoretical  or  physical  chemistry.  The  style  is 
unusually  clear  and  concise,  and  the  work  as  a  whole  will  be 
a  valuable  contribution  to  physical  chemical  literature. 

H.  c.  J. 

LrEHRBUCH  DER  ALLGEMEINEN  ChEMIE.  Von  DR.  WilHELM  OSTWALD, 
Professor  an  der  Universitat  zu  Leipzig.  In  zwei  Banden.  Zweite 
nmgearbeitete  Aufiage  ;  zweiten  Bandes,  zweiter  Tail  ;  Verwandt- 
schaftslehre,  erster  Teil,  mit  389  Textfiguren.  Verlag  von  Wilhelm 
Engelmann.     1896-1902.     pp.  829-1188. 

The  conclusion  of  the  second  part  of  the  second  volume  of 
Ostwald's  lychrbuch  will  be  welcomed  by  all,  and  especially 
by  those  who  possess  the  earlier  portions  of  this  great  hand- 
book on  physical  chemistry.  The  number  in  hand  treats  of 
the  subject  of  chemical  equilibrium  of  the  second  order,  and 
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then  takes  up  and  completes  the  discussion  of  chemical  equi- 
librium of  the  third  order. 

The  second  edition  of  the  "  Lehrbuch"  is,  however,  not  yet 
completed.  The  second  part  of  the  second  volume  is  to  be 
followed  by  a  third  part,  which  will  treat  of  solid  solutions, 
isomorphous  mixtures,  enantiomorphous  crystals,  electro- 
chemical equilibrium,  catalysis,  dissociation  and  equilibrium 
constants,  etc.  This  will  then  be  followed  by  a  supplement, 
which  will  deal  systematically  with  the  work  which  has  been 
published  during  the  appearance  of  the  various  parts  of  the 
second  edition. 

With  this  will  end  the  gigantic  task  which  Ostwald  has  im- 
posed upon  himself,  and  for  which  physical  chemistry  in  all 
time  will  owe  a  deep  and  lasting  debt  of  gratitude. 

H.  c.  J. 

IvA    CiDRERIE    MODERNE    OU    I.'ART    DE    FAIRE    I.E     BON    CIDRE.      Par 

Georges  Jacouemin,  Directeur  scieatifique  de  I'lnstitut  La  Claire, 

et  Henri   Alliot,    Ing^nieur   agricole.     Malz^ville-Naucy  :  Impri- 

merie  Edg.  Thomas.     1902.     pp.  712.     Price,  10  fr. 

The  authors,  who  conduct  a  research  laboratory  for  the 
study  of  agricultural  chemistry  and  related  subjects,  have  un- 
dertaken to  publish  a  series  of  monographs  under  the  general- 
title  :  "La  Technologic  agricole  moderne."  The  book  be- 
fore us  is  the  first  of  these.  The  subject  is  treated  with  thor- 
oughness from  different  points  of  view.  There  are  chapters 
on  the  history  of  cider,  its  hygienic  effects,  and  statistics. 
The  structure  and  composition  of  apples  and  pears,  the  meth- 
ods of  propagating  from  seed,  the  different  ways  of  grafting, 
and  the  most  approved  cultural  methods  of  pears  and  apples 
are  given,  as  well  as  an  account  of  their  diseases.  Then  fol- 
low chapters  on  the  care  of  the  fruit  and  machinery,  the  ex- 
traction of  the  juice,  the  ferments  of  cider,  the  best  methods 
of  fermentation  and  preservation  of  cider  and  perry.  The 
diseases  of  cider  and  their  treatment,  the  manufacture  of  alco- 
hol and  vinegar,  and  the  preparation  of  dried  apples  and  pears 
are  also  discussed.  On  the  whole,  the  book  will  be  of  value 
to  any  one  engaged  in  this  business.  There  are  numerous 
illustrations.  C.  E.  w. 

Die  Beschadigung  der  Vegetation  durch  Rauch  :  Handbuch  zur 
Erkennung  und  Beurteii<ung  von  RauchschXden.  By  E. 
Haselhoff,  Director  of  the  Agricultural  Experiment  Station  in 
Marburg  a.  d.  Lahn,  and  G.  Lindau,  Privatdocent  in  Botany  and 
Curatorof  the  Royal  Botanical  Museum  in  Berlin.  Berlin:  Gebriider 
Borntraeger.  1903.  pp.  412.  27  illustrations. 
This  interesting  book  is  a  study  of  one  of  the  most  impor- 
tant and  annoying  problems  with  which  the  forester  and  agri- 
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culturist  has  to  deal.  It  has  long  been  recognized  that  smoke 
affects  vegetation  injuriously,  and  many  observers  have  in- 
vestigated the  question,  both  in  the  field  and  in  the  labora- 
tory. This  book  gives  an  account  of  much  of  this  work,  in 
which  the  authors  had  a  share,  and  shows,  as  far  as  possible, 
just  what  part  is  played  by  the  different  constituents  of  smoke 
from  dwellings,  factories,  acid  works,  and  metallurgical  fur- 
naces. The  greatest  injury  is  not  caused  by  the  solids  (soot, 
etc.)  in  the  smoke  but  by  the  gases,  among  which  sulphur 
dioxide  is  the  most  harmful,  especially  as  it  is  produced  nearly 
always  when  fuel  is  burned.  It  has  been  estimated  that  the 
various  factories  in  St.  Helens,  England,  send  into  the  air 
36,108,000  kilograms  of  sulphur  in  the  form  of  sulphur  di- 
oxide, etc.,  each  year.  Most  of  this  comes  from  the  coal. 
Besides  this,  the  effects  of  chlorine,  hydrochloric  acid,  hydro- 
fluoric acid,  nitric  acid,  acetic  acid,  ammonia,  hydrogen  sul- 
phide, bromine,  asphalt,  illuminating  gas,  pyridine,  phenol, 
flue  dust,  etc.,  have  been  investigated.  The  specific  action 
of  the  different  poisons  and  the  means  of  distinguishing  be- 
tween the  injuries  caused  by  them  and  insects,  etc.,  are  de- 
scribed as  far  as  possible. 

The  physiological  and  structural  changes  in  the  leaves,  the 
injury  done  to  vegetables  and  forest  trees,  and  the  relative 
power  of  resistance  of  different  species  of  trees  are  all  studied. 
The  injury  caused  by  a  given  factory  extends  over  an  ellipse 
with  its  long  axis  in  the  direction  of  the  prevailing  wind,  and 
with  the  factory  at  one  of  the  foci  ;  that  is,  the  harm  done  is 
greatest  to  leeward.  Evergreens,  such  as  pine,  spruce,  and 
larch,  suffer  more  than  deciduous  trees,  which  practically  es 
cape  the  action  of  the  smoke  for  a  part  of  the  year,  during 
which  time  they  have  a  chance  to  recuperate. 

The  book  is  of  great  interest,  not  only  to  those  for  whom  it 
was  written,  but  also  to  the  chemist  and  botanist. 

c.  E.  w. 
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CYANOGEN    IODIDE    AS   AN   INDICATOR   FOR 
ACIDS. 

By  J.  H.  Kastle  and  Mary  E-  Clark. 

It  has  been  pointed  out  by  E.  von  Meyer^  that  cyanogen 
iodide  and  hydriodic  acid  react  to  form  hydrocyanic  acid  and 
iodine,  thus : 

HI  +  ICN-  HCN  +  I,. 

This  reaction  seems  to  be  a  general  one  for  iodides  under 
proper  conditions.  We  have  found,  for  example,  that  cyano- 
gen iodide  also  decomposes  potassium  iodide  even  in  tolera- 
bly dilute  solutions,  and  that  it  acts  on  mercuric  iodide  when 
the  latter  is  suspended  in  water.  It  also  liberates  large 
amounts  of  iodine  from  ethyl  iodide  at  150°  C.  With  the 
metallic  iodides  this  reaction  has  been  found  to  depend  largely 
on  the  concentration.  On  normal  solutions  of  potassium 
iodide,  cyanogen  iodide  has  been  found  to  act  at  once  in  the 
cold  with  the  liberation  of  iodine.     This  may  be  shown  by 

1  J.  prakt.  Chem.,  36,  292,  299. 
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bringing  together  i  cc.  of  N-potassium  iodide,  i  cc.  of  N/ioo 
cyanogen  iodide,  and  a  small  amount  of  starch  paste.  The 
solution  becomes  dark  blue  at  once.  On  the  other  hand,  if 
N/ioo  potassium  iodide  and  N/ioo  cyanogen  iodide  be  brought 
together  in  the  presence  of  starch  no  iodide  of  starch  is  pro- 
duced. If,  however,  to  this  colorless  mixture  a  drop  of  acid 
be  added,  the  solution  becomes  blue  at  once,  indicating  that 
cyanogen  iodide  acts  upon  hydriodic  acid  much  more  readily 
than  it  does  upon  potassium  iodide.  Indeed  the  reaction  is 
one  of  extreme  delicacy.  It  occurred  to  us,  therefore,  that  it 
might  not  be  without  interest  to  determine  the  quantities  of 
various  acids  required  to  effect  the  reaction  in  question.  In 
order  to  do  this,  however,  it  was  first  necessary  to  test  the 
conduct  of  cyanogen  iodide  towards  potassium  iodide  at  differ- 
ent concentrations.  In  all  of  our  experiments  a  N/ioo  solu- 
tion of  cyanogen  iodide  in  water  was  employed.  The  con- 
duct of  this  solution  towards  potassium  iodide  was  tested  by 
bringing  together  i  cc.  N/ioo  cyanogen  iodide,  i  cc.  of  potas- 
sium iodide  of  given  concentration,  and  i  cc.  of  a  clear  solu- 
tion of  starch  containing  o.i  gram  of  starch  in  loo  cc.  of 
water.    The  results  of  these  observations  are  given  in  Table  I.  : 

Table  I. 


Dilution  of 

potassium  iodide. 

Color  of  the  mixed  solution. 

N 

Deep  blue,  immediately 

N/2 

"         "             " 

N/8 

"         "      not  instantaneous 

N/io 

"         "       "              " 

N/20 

Lighter  blue,  not        " 

N/50 

Light    blue,    after    standing 

some  time 

N/ioo 

Colorless,  even  after  standing 

some  time 

It  has  been  found  that  small  amounts  of  impurities  greatly 
affect  the  results.  Absolute  cleanliness  of  apparatus  is  neces- 
sary in  carrying  out  the  tests  if  concordant  results  are  to  be 
obtained.  The  minutest  trace  of  acids  in  the  apparatus  or  re- 
agents may  often  vitiate  an  entire  series  of  experiments.     It 
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will  be  observed  that  the  limit  of  the  reaction  of  cyanogen 
iodide  on  potassium  iodide  is  reached  at  a  concentration  not 
exceeding  N/ioo  for  each.  Hence  the  mixture  of  N/ioo  cyan- 
ogen iodide,  N/ioo  potassium  iodide,  and  0.1  per  cent  starch 
solution  in  equal  proportions  by  volume  furnished  us  with  a 
reagent  upon  which  to  test  the  conduct  of  different  acids. 

The  tests  upon  acids  were  conducted  in  the  following  man- 
ner :  To  I  cc.  of  the  acid  to  be  tested  there  was  added,  in  the 
order  named,  i  cc.  N/ioo  potassium  iodide,  i  cc.  o.i  per  cent 
starch  solution,  and  i  cc.  N/ioo  cyanogen  iodide.  In  order 
to  make  more  certain  of  the  results,  control  experiments  were 
carried  out  at  intervals,  using  i  cc.  of  water  in  place  of  the 
acid,  the  other  substances  remaining  the  same.  The  follow- 
ing acids  were  employed  in  the  experiments,  viz.,  hydro- 
chloric, sulphuric,  benzenesulphonic,/-nitrotoluenesulphonic, 
oxalic,  butyric,  and  carbonic.  The  results  of  these  tests  for 
all  the  acids,  except  carbonic  and  sulphuric,  are  given  in 
Tables  II.  and  III. 

Table  II. 


Name  of  acid. 

Dilution. 

Color  of  the  mixed  soluti 

Hydrochloric 

N/iooo 

Dark  blue 

" 

N/4OOO 

Very  light  blue 

" 

N/5OOO 

Colorless 

/-Nitrotoluenesulphonic 

N/iooo 

Dark  blue 

" 

N/4OOO 

Very  light  blue 

Benzenesulphonic 

N/iooo 

Dark  blue 

" 

N/5OOO 

Colorless 

Oxalic 

N/iooo 

Dark  blue 

" 

N/5000 

Colorless 

Butyric 

N/iooo 
N/2000 

Dark  blue 

«i 

N/3000 

Light  blue 

<( 

N/4000 

Colorless 

Similar  experiments  were  tried,  using  N/50  instead  of  N/ioo 
potassium  iodide.^     The  results  are  given  in  Table  III.  : 

1  While  N/50  potassium  iodide  has  been  found  to  react  with  the  cyanogen  iodide 
alone,  it  is  nevertheless  possible  to  employ  it  of  this  strength  in  testing  for  acids 
by  this  method,  if  the  tests  are  properly  controlled  by  experiments  in  which  water 
is  employed  instead  of  the  acid  being  tested.  With  water  and  potassium  iodide  of 
this  dilution  the  blue  color  develops  only  slowly.  With  dilute  acids  iodide  of  starch 
is  formed  immediately. 
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Table  III. 

Dilution. 

Color  of  the  mixed  solution. 

N/4000 

Distinct  blue 

N/5000 

.. 

N/io,ooo 

Colorless 

N/50,000 

" 

N/4OOO 

Distiii<5t  blue 

N/5000 

"          " 

N/io,ooo 

Colorless 

N/5000 

Distinct  blue 

N/io,ooo 

lyight  blue 

N/5000 

Distinct  blue 

N/io,ooo 

Colorless 

N/4000 

Distinct  blue 

N/5000 

Colorless 

Name  of  acid. 

Hydrochloric 


^-Nitrotoluenesulpbonic 


Benzenesulphonic 

Oxalic 

Butyric 


It  has  been  observed  that  the  sensitiveness  of  the  reagent 
depends  a  great  deal  on  the  purity  of  the  cyanogen  iodide. 
The  compound  employed  in  our  experiments  was  prepared  by 
two  entirely  different  methods,  viz. ,  by  the  action  of  iodine  on 
mercuric  cyanide  in  ether  solution,  and  by  subliming  a  mix- 
ture of  potassium  cyanide  and  iodine.  While  both  specimens 
of  the  compound  were  purified  by  sublimation  it  was  still 
found  that  the  compound  prepared  by  the  latter  method  was 
more  sensitive  towards  acids.  With  the  compound  prepared 
from  mercuric  cyanide  the  limit  of  the  reaction,  for  most  acids 
at  least,  was  N/5000,  whereas  with  the  compound  prepared 
from  potassium  iodide  and  iodine  the  limit  of  the  reaction  was 
reached  only  with  N/io,ooo  acid. 

At  present  we  are  unable  to  explain  this  difference  in  con- 
duct on  the  part  of  the  cyanogen  iodide  prepared  by  these  two 
methods.  Regardless  of  this,  however,  it  has  been  found  pos- 
sible to  recognize  any  one  of  the  above-named  acids,  with  the 
exception  of  carbonic,  at  a  dilution  of  i  gram  molecular 
weight  of  the  acid  in  20,000  to  40,000  liters  of  water,  taking 
into  consideration,  of  course,  the  fact  that  an  acid  of  any  de- 
gree of  dilution  was  further  diluted  four  times  when  added  to 
the  reagent.  Expressed  somewhat  differently,  these  acids 
have  been  recognized  by  means  of  this  reagent  in  the  follow- 
ing quantities : 
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Acid. 

Parti 

5  per  miUion. 

Hydrochloric 
Benzenesulphonic 
/^-Nitrotoluenesulphonic 
Oxalic 

1.8 

7.9 
10.85 

3-15 

Butyric 

5-5 

Or  by 

■  means  of  the  more  sensitive 

reagent : 

Sulphuric 

Benzenesulphonic 

Oxalic 

1.225 

3.95 

1.56 

Some  idea  of  the  delicacy  of  cyanogen  iodide  as  a  reagent 
for  acids  may  be  formed  by  a  comparison  with  other  indica- 
tors. The  following  data  are  taken  from  Trommsdorf 's  table/ 
showing  the  sensitiveness  of  the  more  common  indicators  to- 
wards acids  : 


Parts  per 

strength 

Volume 

million  of 

of  indica-  of  titrated        Volumeof  acid  re- 

acid  re- 

Indicator. 

tor. 

fluid. 

quired. 

quired. 

Azolitmin 

I  :  100 

100 

I.2CC.  N/iooHCl 

4.38 

Cochineal 

I  :  80 

3.0  "       " 

10.95 

Congo  red 

I  :  100 

0.7  "       " 

2.55 

Corallin 

I  :  100 

0.6  "       " 

2.19 

Fluorescein 

I  :  100 

0.5  "  N/io       " 

18.25 

lyitmus 

I  :  10 

0.05  cc.  " 

1.82 

Methyl  orange 

I  :  200 

i.o     "  N/ioo    " 

3.65 

Phenolphthalein 

I  :  100 

0.5     "      " 

1.82 

Rosolic  acid 

I  :  100 

0.7     "      " 

2-55 

It  will  be  observed,  therefore,  that  by  means  of  cyanogen 
iodide  it  is  possible  to  recognize  the  same  quantity  of  hydro- 
chloric acid  that  can  be  detected  by  litmus  and  phenolphthal- 
ein. In  fact,  in  the  case  of  sulphuric,  benzenesulphonic,  and 
oxalic  acids  we  have  been  able  to  recognize  a  quantity  of  acid 
equivalent  to  one-half  of  this  amount  of  hydrochloric  acid. 

From  the  results  thus  far  reached  it  would  seem  that  the 
delicacy  of  the  reaction  is  in  no  wise  dependent  on  the  affinity 
of  the  acid.  At  least  such  is  the  case  for  the  dilutions  at 
which  we  have  worked  thus  far.  The  limit  of  the  reaction 
for  the  strong  acids,  such  as  hydrochloric,  sulphuric,  benzene- 

1  Indicators  and  Test-papers,  Cohn,  pp.  220-222. 
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sulphonic,  and /'-nitrotoluenesulphonic,  is  nearly,  if  not  quite, 
the  same  as  for  the  weaker  acids,  oxalic  and  butyric. 

Some  idea  of  the  delicacy  of  the  reaction  under  considera- 
tion is  also  afforded  by  the  conduct  of  the  reagent  towards 
carbonic  acid.  As  is  well  known,  the  conduct  of  this  acid  to- 
wards most  indicators  is  very  uncertain.  With  the  mixture 
containing  equal  amounts  by  volume  of  N/ioo  cyanogen 
iodide,  N/ioo  potassium  iodide,  and  o.i  per  cent  starch  solu- 
tion we  have  obtained  the  following  results  with  this  acid  : 

Dilution.  Color  of  the  mixed  solution. 

N/2  Dark  blue 

N/3  Blue 

N/ioo  Distinct  blue 

It  will  be  observed,  therefore,  that  by  means  of  this  reagent 
we  have  been  able  to  recognize  the  presence  of  77  parts  of 
carbonic  acid  per  million,  and  in  all  probability  this  is  by  no 
means  the  limit  of  the  reaction  for  this  acid.  Whether  a  very 
weak  acid  like  carbonic  will  give  the  reaction  at  the  very 
great  dilutions  at  which  it  has  been  obtained  with  hydro- 
chloric and  other  strong  acids  remains  to  be  seen. 

Cyanogen  Iodide  as  a  Reagent  for  Measuring  the  Hydrolysis  of 
Salts. 

In  view  of  the  ease  with  which  very  small  amounts  of  acids 
can  be  recognized  by  means  of  cyanogen  iodide,  it  occurred 
to  us  to  test  the  conduct  of  the  compound  towards  various 
salts,  particularly  towards  those  that  were  known  to  be  hy- 
drolyzed  in  aqueous  solution.  The  tests  were  conducted  after 
the  manner  already  described  for  acids,  i.  <?.,  to  i  cc.  of  the 
given  salt,  at  known  dilution,  there  was  added,  in  the  order 
named,  i  cc.  of  N/ioo  potassium  iodide,  i  cc.  of  o.i  per  cent 
starch  solution,  and  i  cc.  of  N/ioo  cyanogen  iodide.  The 
formation  of  the  iodide  of  starch  indicated  the  presence  of  free 
acid  in  the  solution  of  the  salt.  The  names  of  the  salts  that 
have  thus  far  been  tested,  together  with  the  dilutions  at  which 
they  were  employed,  and  all  other  data,  are  given  in  Table 
IV.,  in  which  are  also  to  be  found  the  results  of  these  experi- 
ments : 
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Name  of  salt. 

Alum 

Potassium  sulphate 
Potassium  nitrate 
Zinc  sulphate 
Magnesium  sulphate 
Ammonium  sulphate 
Aluminium  chloride 
Manganese  sulphate 


Potassium  chloride 


Chrome  alum 
Aluminium  nitrate 
Cadmium  chloride 
Ferrous  sulphate 
Ammonium  ferric  sul- 
phate 
Ferric  nitrate 
Nickel  sulphate 
Nickel  ammonium 

sulphate 
Nickel  potassium  sul- 
phate 
Nickel  nitrate 
Cobalt  nitrate 
Cobalt   ammonium 
sulphate 


Cobalt  potassium  sul- 
phate 


Table  IV. 

Dilution.  Color  produced. 

N/io     Dark  blue 
' '        Colorless 

"        Faint  blue 
' '        Colorless 

"        Dark  blue 
Faint  blue 


Dark  blue 

Colorless 
Dark  blue 


lyight  blue 


Time  of  reaction. 

Instantly 

lo  minutes 

30 

30 

I  hour 

I     " 

Immediately 

(in- 
creasing slowly 
on  standing) 

Immediately  (in- 
creasing slowly 
on  standing) 

Immediately 

1  minute 

30  minutes 

Immediately 


Gradually 


Colorless        After  3  hours 

"  Immediately     (on 

long  standing  it 
became  blue) 


Gradually 


'        Light  blue 

In  order  to  determine  whether  any  one  of  these  salts  brought 
about  the  formation  of  the  iodide  of  starch  as  the  result  of 
oxidation,  control  experiments  were  tried  in  doubtful  cases, 
in  which  i  cc.  of  water  was  used  instead  of  the  N/ioo  cyanogen 
iodide,  the  other  substances  remaining  the  same.  It  was  found 
as  the  result  of  these  trials  that  the  iodide  of  starch  was  formed 
with  the  following  salts,  viz.,  ferric  nitrate  and  ferric  sul- 
phate.    Even  with  these  salts,  however,  the  production  of  the 
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iodide  of  starch  is  much  slower  when  acting  alone  than  in  the 
presence  of  the  cyanogen  iodide,  so  that  the  hydrolysis  of 
these  salts  in  aqueous  solution  is  indicated  just  as  certainly  as 
in  the  case  of  those  that  do  not  cause  the  formation  of  the 
iodide  of  starch  by  oxidation. 

It  is  apparent  from  these  results  that  such  neutral  salts  as 
potassium  nitrate,  potassium  sulphate,  magnesium  sulphate, 
and  ammonium  sulphate  are  not  hydrolyzed  in  their  aqueous 
solution.  On  the  other  hand,  potassium  chloride  gave  a  blue 
color  with  the  reagent.  This  exceptional  conduct  on  the  part 
of  this  neutral  salt  is  probably  to  be  accounted  for  by  the  sup- 
position that  cyanogen  iodide  reacts  directly  with  potassium 
chloride  with  the  production  of  cyanogen  chloride  and  potas- 
sium iodide.  This  last  would  then  react  with  any  excess  of 
cyanogen  iodide  remaining  in  the  manner  already  indicated 
above. 

According  to  the  indications  afforded  by  the  new  reagent, 
aluminium,  chromic,  ferrous,  and  ferric  salts  are  hydrolyzed 
to  a  greater  degree  than  those  of  any  other  metal  or  basic 
radical.  Salts  of  nickel,  cobalt,  manganese,  and  zinc  are 
hydrolyzed  to  a  much  less  extent,  and  cadmium  chloride  not 
at  all. 

This  last  result  is  at  variance  with  the  results  reached  by 
lyOng^  in  his  investigation  of  the  inversion  of  cane  sugar  by 
salts.  According  to  lyong,  cadmium  chloride  inverted  cane 
sugar  more  rapidly  than  any  other  salt  employed  in  his  ex- 
periments. At  present  we  are  unable  to  account  for  this  pecu- 
liar difference  in  the  conduct  on  the  part  of  cadmium  chloride. 

In  view  of  the  ease  with  which  very  small  amounts  of  free 
acid  may  be  recognized  by  means  of  cyanogen  iodide,  it  oc- 
curred to  us  that  possibly  the  reagent  might  be  employed  to 
measure  the  amount  of  hydrolysis  of  hydrolyzable  salts.  The 
attempt  has  been  made,  therefore,  to  determine  the  extent  to 
which  potassium  alum  is  hydrolyzed  at  great  dilution.  This 
was  done  by  comparing  the  color  produced  with  i  cc.  of  alum 
solution  of  known  concentration  with  that  produced  by  a 
known  quantity  of  sulphuric  acid.     Two  solutions  were  pre- 

1  J,  Am.  Chem.  Soc,  i8,  717. 
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pared,  one  containing  one  molecular  weight  in  grams  of  alum 
in  100  liters  of  water,  the  other  one-half  of  one  molecular 
weight  in  grams  of  sulphuric  acid.  The  dilution  of  the  solu- 
tion of  alum  may  therefore  be  denoted  by  M/ioo,  and  that  of 
the  sulphuric  acid  by  N/ioo  (H^SOJi.  The  acid  was  there- 
fore equivalent  to  N/ioo  hydrochloric,  and  for  equal  volumes 
of  solution  was  equivalent  to  one-sixth  of  the  sulphuric  acid 
contained  in  the  alum  as  aluminium  sulphate.  These  two 
solutions  were  employed  as  the  basis  for  subsequent  dilutions. 
The  conduct  of  these  very  dilute  solutions  of  alum  and  sul- 
phuric acid  was  then  tested  towards  the  reagent  (N/ioo  cyan- 
ogen iodide,  N/ioo  potassium  iodide,  and  o.i  per  cent  starch 
paste)  in  the  manner  already  described  above.  In  the  follow- 
ing table  are  given  the  results  of  this  comparison  : 


A  him. 

Sulphuric 

acid. 

Color  produced 

Color  produced 

Dilution. 

with  reagent. 

A. 

with  reagent. 

Dilution. 

M/io,ooo 

Dark  blue 

> 

Light  blue 

N/ 

10,000 

(H,S0,)4 

M/20,000 

Blue 

> 

'* 

M/30,000 

" 

> 

" 

M/40,000 

" 

> 

" 

M/50,000 

Light  blue 

" 

M/60,000 

" 

< 

" 

M/70,000 

" 

< 

" 

In  column  A  of  the  above  table  the  sign  of  greater  or  less 
and  the  sign  of  equality  are  used  to  indicate  that  the  amount 
of  iodide  of  starch  produced  by  the  alum  at  the  given  dilution 
is  greater  or  less  than,  or  equal  to,  that  produced  by  the  sul- 
phuric acid.  It  is  evident  from  these  results  that  when  act- 
ing on  a  mixture  of  i  cc.  N/ioo  cyanogen  iodide,  i  cc.  N/ioo 
potassium  iodide,  and  i  cc.  o.i  per  cent  starch,  i  cc.  of 
M/50,000  alum  produces  the  same  quantity  of  iodide  of  starch 
as  I  cc.  of  N/io,ooo  (HjSOJj.  On  another  occasion,  using 
different  solutions,  it  was  found  that  M/6o,ooo  alum  was 
equivalent  to  N/io,ooo  (HjSOJi.  Hence  it  follows  that  at  a 
dilution  of  200,000  to  240,000  liters  the  hydrolysis  of  alum 
amounts  to  from  83  to  100  per  cent.  Unfortunately,  but  few,  if 
any,  measurements  of  the  hydrolysis  of  salts  at  such  great  di- 
lutions have  ever  been  made,  so  that  at  present  we  have  no 
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reliable  data  with  which  to  compare  our  own  results.  It  fol- 
lows from  the  law  of  mass  action,  however,  that  if  the  hy- 
drolysis of  any  salt  is  small  it  will  increase  very  nearly  pro- 
portionately to  the  square  root  of  the  dilution.  Now,  accord- 
ing to  Ivong,  1.44  per  cent  of  alum  is  hydrolyzed  in  the  N/4 
solution  of  this  salt.  If,  therefore,  the  law  of  dilution  held 
strictly  for  this  salt  at  all  concentrations,  we  would  expect 
alum  to  be  completely  hydrolyzed  at  a  dilution  of  20,000 
liters.  Our  results,  therefore,  would  seem  to  be  in  harmony 
with  the  general  theory  of  such  processes.  It  should  be  borne 
in  mind,  however,  that  the  chemical  changes  taken  advantage 
of  in  the  use  of  cyanogen  iodide  as  an  indicator  are  after  all 
not  as  simple  as  they  appear  at  first  sight.  Whether  any  of 
them  are  of  such  a  nature  as  to  introduce  a  disturbing  factor 
into  the  equilibrium  of  the  hydrolysis  can  only  be  determined 
by  further  investigation. 

State  College  of  Kentucky, 
Lexington,  February,  1903. 


A  METHOD  FOR  CALIBRATING  BURETTES. 

By  D.  W.  Horn  and  £;lizabeth  M.  Van  Wagener. 

The  following  method  of  calibrating  burettes  requires  no 
special  form  of  apparatus.  It  has  proven  satisfactory  for  the 
usual  volumetric  work  of  students,  and  is  sufl&ciently  accurate 
for  more  exact  work. 

An  arrangement  of  apparatus  similar  to  that  in  the  Hempel 
gas-burette  or  Lunge  nitrometer  is  used.  Two  burettes  are 
mounted  in  an  upright  position  on  a  tall  iron  stand  and  their 
tips  are  joined  by  a  piece  of  rubber  tubing.  One  of  them  is 
clamped  firmly  while  the  other  can  be  raised  or  lowered,  at 
the  same  time  being  guided  by  clamps  fastened  at  different 
points  along  the  upright  rod  of  the  stand.  The  calibration  of 
one  of  them  in  terms  of  the  other  is  accomplished  by  keeping 
the  one  stationary  and  causing  water  to  flow  into  it  from  the 
other  and  movable  one,  which  is  gradually  raised.  The  cali- 
bration is  duplicated  by  lowering  the  latter  again  and  causing 
the  water  to  flow  back  into  it. 
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The  relative  calibration  thus  obtained  can  be  converted  into 
an  "  absolute"  one,  provided  one  of  the  two  burettes  is  cali- 
brated by  weighing  the  water  it  delivers  between  selected 
marks  along  its  scale/  A  burette  thus  standardized  may  be 
used  in  all  subsequent  calibrations  as  the  standard  with  which 
other  burettes  may  be  compared  by  the  arrangement  of  appa- 
ratus and  the  method  already  described. 

In  testing  this  method  relative  calibrations  have  been  car- 
ried out  under  a  variety  of  conditions.  Burettes  of  the  Mohr 
and  Schellbach  type  have  been  used,  readings  have  been  made 
with  and  without  floats,  and  soft  rubber  tubing  in  different 
lengths,  both  red  and  black,  has  been  tried.  In  some  cases 
the  complete  experiment  was  made  by  one  of  us.  In  others, 
after  a  calibration  had  been  made  by  one,  the  duplicate  cali- 
bration was  made  by  the  other.  Sometimes  only  duplicates 
were  made  and  at  others  the  same  calibration  was  repeated 
four  or  five  times  in  succession.  The  records  of  some  of  these 
experiments  are  given  in  the  following  tables  : 


Readings  on 

Readings  on 

Number  of 

Readings  on 

other  burette, 

other  burette, 

reading. 

stationary  burette. 

first  series. 

duplicate  series. 

I 

50.00 

0.00 

0.00 

2 

48.00 

2.00 

2.00 

3 

46.00 

4.00 

4.00 

4 

44.00 

6.00 

6.00 

5 

42.00 

8.01 

8.00 

6 

40.00 

10.04 

10.04 

7 

38.00 

12.02 

12.02 

8 

36.00 

14-03 

14-03 

9 

34.00 

16.01 

16.01 

10 

32.00 

18.00 

18.00 

II 

30.00 

20.00 

20.00 

12 

28.00 

21.99 

21.99 

13 

26.00 

23.98 

23.98 

14 

24.00 

25-99 

25.99 

15 

22.00 

27.99 

27.99 

16 

20.00 

29.99 

29.99 

17 

18.00 

31-96 

31.96 

18 

16.00 

33-97 

33-97 

1  Mohr  :  Lehrbuch  der  chem.  anal.  Titrirmethoden,  7  Ed.  (1896),  18-19,  Fresenius: 
"  Quant.  Chem.  Analyse,"  6  Ed.  (1900),  Vol.  I., 44  ;  For  calculation»  see  Wattt'  Diction- 
ary, Vol.  I.,  p.  348. 
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Number  of 
reading. 

Readings  on 
stationary  burette. 

Readings  on 

other  burette, 

first  series. 

Readings  on 

other  burette, 

duplicate  series. 

19 

14.00 

35-96 

35-96 

20 

12.00 

37-94 

37-93 

21 

10.00 

39-93 

39-92 

22 

8.00 

41.90 

41.90 

23 

6.00 

43-90 

43-90 

24 

4.00 

45-90 

45-90 

25 
26 

2.00 
0.00 

47-89 
49.88 

47.89 
49.88 

(V.  W.)i 

(v.  W.)i 

The  stationary  burette  in  this  experiment  was  a  Mohr 
burette  with  a  glass  stop-cock,  and  was  fitted  with  an  Erd- 
mann  float.  The  other  was  a  simple  Mohr  burette  without  a 
stop-cock  or  float.  The  former  had  a  scale  53  cm.  long,  and 
the  latter,  one  61.3  cm.  long.  The  readings  were  made  from 
one  end  of  the  scale  to  the  other,  and  the  duplicate  readings 
were  made  from  the  other  end  back  to  the  starting  point. 
The  exact  adjustment  of  the  water  levels  at  o  and  50  at  the  be- 
ginning of  the  calibration  was  made  with  filter-paper,  as  ad- 
justments of  liquids  to  the  marks  are  made  in  pycnometers. 
The  next  experiment  differs  from  this  one  only  in  that  a  simi- 
lar burette,  but  one  with  a  scale  as  short  as  is  usually  to  be 
found  in  a  laboratory,  was  substituted  for  the  stationary 
burette  in  the  previous  experiment.  The  length  of  its  scale 
was  46.3  cm. 

The  first  and  the  duplicate  readings  were  not  made  by  the 
same  person. 


Readings  on 

Readings  on 

Mumber  of 

Readings  on 

other  burette. 

other  burette. 

reading. 

stationary  burette. 

first  series. 

duplicate  series. 

I 

0.00 

49-95 

49-94 

2 

2.00 

47-99 

47-98 

3 

4.00 

45-96 

45-95 

4 

6.00 

43-95 

43-95 

5 

8.00 

41.96 

41-95 

6 

10.00 

39-96 

39-96 

7 

12.00 

37-99 

37-99 

8 

14.00 

35-99 

35-99 

9 

16.00 

33-96 

33.96 

1  Experiments  are  marked  (v.  W.)  or  (H.),  according  as  they  are  carried  out  by 
one  or  the  other  of  us. 
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Readings  on 

Readings  on 

Number  of 

Readings  on 

other  burette, 

other  burette, 

reading. 

stationary  burette. 

first  series. 

duplicate  series. 

10 

18.00 

31.95 

31-95 

II 

20.00 

29-95 

29-95 

12 

22.00 

27.96 

27.97 

13 

24.00 

25.96 

25-97 

H 

26.00 

23-97 

23-97 

15 

28.00 

21-97 

21.98 

16 

30.00 

19.97 

19.97 

17 

32.00 

18.02 

18.02 

18 

34-00 

16.02 

16.02 

19 

36.00 

14.02 

14.02 

20 

38.00 

12.01 

12.01 

21 

40.00 

10.00 

10.00 

22 

42.00 

8.00 

8.00 

23 

44.00 

6.00 

6.00 

24 

46.00 

4.00 

4.00 

25 

48.00 

1.98 

1.98 

(v.  W.) 

(H.) 

In  the  above  experiments  the  same  piece  of  rubber  tubing 
was  used.  The  next  experiment  was  made  with  another 
piece  of  the  same  kind  of  tubing  (red)  but  of  a  different 
length.  Another  simple  Mohr  burette  with  a  scale-length  oi 
55  cm.  and  the  one  with  a  glass  stop-cock  used  in  the  first 
experiment  were  used.  This,  along  with  several  other  simi- 
lar experiments,  show  that  the  rubber  tubing  is  without  in- 
fluence so  far  as  the  duplication  of  results  is  concerned. 


fumber  of 
reading. 

Readings  on 
stationary  burette. 

Readings  on 
other  burette, 
first  series. 

Readings  on 

other  burette, 

duplicate  series. 

I 

0.00 

49-90 

49-90 

2 

2.00 

47.90 

47-90 

3 

4.00 

45-90 

45-90 

4 

6.00 

43-91 

43-90 

5 

8.00 

41.94 

41.94 

6 

10.00 

39.94 

39.94 

7 

12.00 

37-93 

37-93 

8 

14.00 

35-92 

35-93 

9 

16.00 

33-92 

33.93 

ID 

18.00 

31-94 

31.94 

II 

20.00 

29.96 

29.96 

12 

22.00 

27.97 

27.98 

13 

24.00 

25-99 

^5.99 

14 

26.00 

23-99 

23.99 

15 

28.00 

22.00 

22,00 

16 

30.00 

19.99 

19.99 
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■Jumber  of 
reading. 

Readings  on 
stationary  burette. 

Readings  on 

other  burette, 

first  series. 

Readings  on 

other  burette, 

duplicate  series. 

17 

32.00 

18.00 

18.00 

18 

34.00 

16.01 

16.01 

19 

36.00 

14.02 

14.03 

20 

38.00 

12.05 

12.05 

21 

40.00 

10.07 

10.08 

22 

42.00 

8.08 

8.09 

23 

44.00 

6.10 

6.10 

24 

46.00 

4.II 

4.II 

25 

48.00 

2.11 

2.11 

26 

50.00 

O.Il 

0.11 

(V.  W.) 

(v.  W.) 

The  next  table  shows  a  comparison  of  a  long  Schellbach 
burette  (scale-length  63  cm.)  with  the  Mohr  burette  used  in 
the  previous  experiments.  These  burettes  with  long  scales 
were  used  to  aid  in  detecting  any  possible  inaccuracies.  Four 
successive  calibrations  were  made. 


jK.cauing!> 
on  Schell- 

Readings on 

other  burettes. 

lumber  of 

bach 

First 

Second 

Third 

Fourth 

reading. 

burette. 

series. 

series. 

series. 

series. 

1 

49-50 

0.14 

0.12 

0.12 

0.12 

2 

47-50 

2.17 

2.15 

2.15 

2.15 

3 

45-50 

4.19 

4.17 

4.17 

4.18 

4 

43-50 

6.20 

6.18 

6.18 

6.18 

5 

41-50 

8.17 

8.15 

8.15 

8.16 

6 

39-50 

10.19 

10.17 

10.17 

10.18 

7 

37-50 

12.17 

12.17 

12.17 

12.16 

8 

35-50 

14.16 

14.14 

14.14 

14.16 

9 

33-50 

16.12 

16.11 

16.12 

16.11 

10 

31-50 

18.10 

18.10 

18.10 

20.08 

II 

29.50 

20.08 

20.08 

20.08 

22.07 

12 

27.50 

22.07 

22.07 

22.06 

24.07 

13 

25.50 

24.07 

24.07 

24.06 

26.07 

14 

23-50 

26.08 

26.07 

26.07 

28.07 

15 

21.50 

28.08 

28.07 

28.07 

30.07 

16 

19-50 

30.08 

30.07 

30.07 

32.07 

17 

17-50 

32.07 

32.06 

32.07 

34.06 

18 

15-50 

34.06 

34.06 

34.06 

36.07 

19 

13-50 

36.07 

36.07 

36.07 

38.08 

20 

11.50 

38.08 

38.07 

38.08 

40.07 

21 

9-50 

40.06 

40.06 

40.06 

42.05 

22 

7.50 

42.06 

42.06 

42.06 

44.07 

23 

5.50 

44.07 

44.07 

44.07 

46.10 

24 

3-50 

46.09 

46.09 

46.10 

48.10 

25 

1.50 

48.10 

48.10 

48.10 

26 

0.00 

49.61 

49.61 

(H.) 

(H.) 

(H.) 

(H.) 
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Having  established  that  duplicate  determinations  made  un- 
der different  conditions  agree,  it  seemed  advisable  to  find  out 
whether  or  not  relative  calibrations  by  the  above  method 
would  lead  to  the  same  results  as  the  absolute  method.  To 
this  end  a  Mohr  burette,  with  a  glass  stop-cock,  was  calibra- 
ted by  weighing  the  water  it  delivered  between  the  marks  in- 
dicating every  5  cc.  The  results  are  given  in  the  following 
table  : 


Weights  of  separate 

Total  weights 

quantities  of  water 

of  water  de- 

Readings on  burette. 

delivered. 

livered. 

Grams. 

Grams. 

0.00  to    5.00 

4-975 

4-975 

5.00  to  10.00 

4-973 

9.948 

10.00  to  15.00 

4.980 

14.928 

15.00  to  20.00 

4-999 

19.927 

20.00  to  25.00 

4.996 

24-923 

25.00  to  30.00 

4-997 

29.920 

30.00  to  35.00 

4.976 

34.896 

35.00  to  40.00 

4.967 

39-863 

40.00  to  45.00 

5.016 

44.879 

45.00  to  50.00 

5-053 

49-932 

(H.) 

(H.) 

A  second  Mohr  burette  with  a  glass  stop-cock  was  then 
calibrated  against  this  one,  the  absolute  calibration  of  which 
has  just  been  given.  In  this  case  a  piece  of  black  rubber 
tubing  117  cm.  long,  with  an  external  diameter  of  7  mm.  and 
an  internal  diameter  of  4  mm.,  was  used.  The  readings  in 
both  burettes  were  made  by  the  meniscus. 


Readings  on  sta- 
tionary burette. 
(Standard.) 

Readings  on 
First  series. 

calibrated  burett 
Duplicate  sei 

I 

0.00 

49-90 

49.90 

2 

5-00 

44-90 

44.90 

3 

iO.OO 

39-90 

39.90 

4 

15.00 

34-90 

34.90 

5 
6 

20.00 
25.00 

29.92 
24.96 

29.92 
24.96 

7 
8 

30.00 
35.00 

19-93 
14.96 

19-93 
14.96 

9 

40.00 

9.94 

9-94 

10 

45.00 

4.91 

4.91 

• 

(V.  W.) 

(v.  W.) 
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This  second  burette  was  then  calibrated  by  the  absolute 
method.  The  water  was  drawn  as  nearly  as  possible  from  be- 
tween the  numbers  on  its  scale  gotten  by  the  relative  calibra- 
tions just  given. 


Weight*  of  separate 

quantities  of  water 

Total  weights 

Readings  on  burette. 

delivered. 

delivered. 

Grams. 

Grams. 

4.91  to    9.90 

4-975 

4-975 

9.90  to  15.00 

5-051 

10.026 

15.00  to  19.90 

4.889 

14-915 

19.90  to  25.00 

5-093 

20.008 

25.00  to  29.90 

4.935 

24-943 

29.90  to  34-90 

5-OI9 

29.962 

34.90  to  39.90 

4.964 

34.926 

39.90  to  44.90 

4.976 

39-902 

44.90  to  49.90 

4-995 

44.897 

(H.) 

(H.) 

Reference  to  the  table  of  the  relative  calibrations  of  this 
burette  will  show  that  the  water  delivered  by  it  between  the 
marks  4.91  and  49-90  should  weigh  the  same  as  the  water  de- 
livered by  the  other  burette  between  the  marks  0.00  to  45.00 
on  its  scale.  The  experiment  has  been  given  which  shows 
that  the  first  burette  delivers  44.879  grams  from  0.00  to  45.00, 
and  the  experiment  just  given  shows  that  the  second  burette 
delivers  44.897  grams  from  4.91  to  49.90.  The  difference  is 
0.018  gram. 

The  next  table  makes  possible  a  comparison  of  the  deliver- 
ing capacity  of  the  second  burette  as  predicted  upon  the  basis 
of  the  five  relative  calibrations  against  the  first  burette  as  a 
standard.  This  first  burette,  it  will  be  recalled,  was  calibra- 
ted by  the  absolute  method. 

The  accuracy  which  this  table  indicates  could  doubtless  be 
increased  by  making  the  readings  with  a  cathetometer.  We 
consider  it  suSiciently  accurate  without  this  aid,  for  the  error 
in  reading  burettes,  such  as  are  in  general  use,  cannot  fairly 
be  considered  as  less  than  =bo.oi  cc. 

We  anticipated  this  accuracy  in  the  method.  In  principle, 
the  errors  involved  in  its  application  should  not  exceed  those 
necessary  in  reading  burettes.  It  permits  each  point  in  the 
calibration  to  be  fixed  as  accurately  as  the  most  sensitive  re- 
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b  b  b  b  b  b  b  b  b 

000^00^^0        Readings  on  stand- 
4^4i.CK>c>JtOK)i-ii-i  ard  burette. 

CyiOOiOCnOCnOcn 

b  b  b  b  b  b  b  b  b 
ooooooooo 


vOvOvOvOOvO^^^  Corresponding  read- 

4^C\OjOnk)00    00  ings  on  uncalibrated 

I      I      I      I      I      I      I      I      I  burette,    gotten    by 

,.     -.^^J^!:^";:^'^-^  relative    calibra- 


Cyi4i.4:^..pi4i^-fi.^^    O  Corresp'd'g    weight 

Om    a\~jvOvOvO    00-<i~-j    Bby  standard  burette. 
0^^^    0\^l    0\<i    O  C^J  Cn    " 


cn^4i.Cn-fi.-^-^4i>>4^    O  Corresp'd'g    weight 
'^O^O^OO^O^^^^    3  °;  u"n  c'llfb  rl't'ed 
U\   MVOOJt-nvC-f^    CnOi    T  burette. 


poop   000000  Difference    between 
b   b   b   b    b    b    b    b   b    3  weight    predicted 


w  4i.  ^   a> 


B  and  weight  found. 


4^  OJ  C/J    (0    to    i-i    M 

-^v04^vpf'vpf'vp4^    O  Total     weights      of 
bsbobovbOoOvbvb^    3  water  delivered   by 
»-aa\vD»OK)K3K)4^~-jH  standard  burette. 
vO  C>i    On  O  0->  ^1    00  OOUi    <" 


-,->^-,-^-,-^-r-vD-^    O  Corresponding  total 
•_    •-»    Vk    ■-.    U    %,    V,    ^  weights  of  water  de- 
voco«o,^oc^o.^.oB  L\7t'ed  bur^ette 


O    O   p    O    p    p   O    O    O    O  Difference   between 
b   b    b   b   b    b   b   b    b    g  total     weights     de- 
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versible  end-reaction  for  which  the  burettes  may  be  subse- 
quently used,  for  by  simply  changing  the  relative  levels  back 
and  forth  one  maj^  fix  each  reading  beyond  readable  error. 
The  practice  of  duplicating  by  running  the  water,  and  the 
readings,  backward  through  the  same  series  of  measurements 
balances  errors  that  may  arise  from  the  necessarily  unequal 
rates  at  which  the  water  is  delivered  from  one  burette  to  the 
other  between  the  different  readings,  thus  insuring  that  no 
more  than  the  normal  amount  of  water  has  been  left  behind 
on  the  burette  walls  at  any  point,  and  furnishing  duplicate 
readings  whose  agreement  does  not  depend  upon  an  accidental 
equality  in  the  rate  at  which  the  two  calibrations  are  made. 
It  is,  lastly,  free  from  errors  that  may  enter  a  method  that  de- 
pends upon  the  use  of  rubber  tubing  under  different  pressures. 
For  example,  when  a  piece  of  rubber  tubing,  such  as  we  have 
uscid,  5  cm.  long  and  closed  at  one  end,  is  joined  to  the  tip  of 
a  burette  with  a  glass  stop-cock,  and  both  the  burette  and 
tubing  are  entirely  filled  with  water,  there  is  a  readable  differ- 
ence in  the  level  of  the  water,  depending  upon  whether  its 
weight  is  supported  by  the  glass  (when  the  stop-cock  is 
closed)  or  by  the  rubber  (when  the  stop-cock  is  opened). 
Such  errors  are  variable  and  may  be  reduced,  doubtless,  by 
using  thick  rubber  tubing  and  by  having  as  few  joints  as  pos- 
sible made  with  it,  but  the  method  we  have  described  avoids 
such  errors  entirely. 

The  precautions  we  have  observed  in  the  use  of  the  method 
are  not  many.  We  have  avoided  the  use  of  a  float  in  the 
burette  that  is  moved  up  and  down  in  the  course  of  a  calibra- 
tion, for  it  is  well  known  that  a  float  may  readjust  itself  under 
the  influence  of  changes  in  the  position  of  a  burette  so  that  its 
axis  is  at  quite  a  different  angle  to  the  axis  of  the  burette 
from  what  it  was  originally.  We  have  used  a  piece  of  tubing 
that  was  not  too  short.  If  the  tubing  is  so  short,  or  the 
burettes  mounted  so  far  apart  that,  in  any  of  the  positions 
they  assume  in  the  course  of  a  calibration,  the  rubber  is  drawn 
or  stretched,  it  is  to  be  expected  that  errors  may  enter.  Our 
general  practice  has  been  to  so  select  the  length  of  tubing  and 
so  arrange  the  burettes  that  beneath  each  a  length  of  about  20 
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cm.  always  hangs  vertically.  We  have  always  arranged  the 
apparatus  near  the  edge  of  a  table-top  so  that  the  tubing 
hangs  free  beneath  the  burettes,  and  throughout  the  calibra- 
tion does  not  come  in  contact  with  anything  that  might  help 
support  its  weight  or  alter  its  volume,  L,astly,  we  have  made 
the  duplicate  calibration  soon  after  the  first  one,  for  it  is  to  be 
expected  that  if  a  sufficient  time  be  allowed  to  intervene  be- 
tween the  two  sets  of  measurements  the  walls  of  the  burette 
that  is  almost  empty  would  dry  and  in  the  duplicate  calibra- 
tion the  burette  would  seem  to  hold  as  much  too  much  water 
as  would  be  required  to  wet  its  walls  again. 

By  this  method  it  is  possible  to  calibrate  at  as  many  or  few 
points  as  may  be  desirable.  The  average  time  required  to 
calibrate  a  burette  at  every  2  cc.  and  to  duplicate  it  with  the 
accuracy  described  in  this  paper,  is  about  one  and  a  half 
hours. 

The  same  principle  can,  of  course,  be  used  in  calibrating 
pipettes,  and  for  the  graduation  of  apparatus  made  for  special 
volumetric  purposes. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

March  4,  1903. 
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v.— THE  ACTION  OF  ALKAUNE  SULPHIDES  UPON 
/•-NITROBENZYEANILINE. 

By  Frederick  J.  Alway  and  Arthur  B.  Walker. 

/-Nitrobenzylaniline  has  been  shown  to  undergo  simul- 
taneous reduction  and  oxidation  when  treated  with  alkaline 
sulphides  in  alcoholic  solution,^  /-amidobenzylideneaniline 
being  formed.  The  reduction  has  been  considered  to  take 
place  according  to  the  following  equation  : 

2NO,.C«H,.CH,.NH.CeH5+  Na,S  = 

Na,SO,  +  aNH^.CgH^.CH  :  N.C.H^. 

While  preparing  /!>-amidobenzylideneaniline  by  the  above 
method  we  noticed  that  in  one  case  crystals  of /-azoxybenzyli- 
deneaniline  were  formed,  while  in  many  previous  preparations 

1  Chem.  CentrbL,  1899,  I.,  238  ;  D.  R.  P.,  No.  99,542- 
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there  had  been  no  formation  of  crystals,  /^-amidobenzylidene- 
aniline  being  soluble  in  alcohol.  The  investigation  on  which 
we  now  report  was  undertaken  in  order  to  determine  the  con- 
ditions under  which  alkaline  sulphides  convert  /-nitrobenzyl- 
aniline  into  /-azoxybenzylideneaniline. 

We  have  found  that  when  the  sulphide  is  allowed  to  act 
upon  the  nitrobenzylaniline  in  the  proportion  of  i  molecule  of 
the  former  to  8  molecules  of  the  latter,  the  alcoholic  solution 
being  kept  very  gently  boiling,  the  maximum  yield  of  ;5>-azoxy- 
benzylideneaniline  is  obtained,  viz.,  about  75  per  cent  of  the 
theoretical  amount.  With  an  increasing  proportion  of  sul- 
phide the  yield  steadily  diminishes  until  only  />-amidobenzyl- 
ideneaniline  is  obtained.  The  insoluble /-azoxybenzylidene- 
aniline,  when  boiled  for  some  time  with  an  alcoholic  solution 
of  sodium  sulphide,  is  converted  into  a  compound  similar  in 
properties  and  reactions  to  />-amidobenzylideneaniline.  The 
formation  of /-azoxybenzylideneaniline  by  the  action  of  caus- 
tic alkalies  upon  the  alcoholic  solution  of  /!>-nitrobenzylaniline 
was  likewise  investigated  quantitatively  in  order  to  determine 
the  proportions  required  to  produce  the  maximum  yield. 
This  is  obtained  when  the  substances  are  used  in  the  propor- 
tion of  I  molecule  of  alkaline  hydroxide  to  4  molecules  of 
/-nitrobenzylaniline.  An  increased  proportion  of  alkali  does 
not  increase  the  yield,  but,  on  prolonged  boiling,  decomposes 
the  /-azoxybenzylideneaniline  already  formed.  When  it  is 
desired  to  obtain  the  last-mentioned  compound,  the  use  of  the 
caustic  alkali  is  much  to  be  preferred  on  account  of  the 
rapidity  and  certainty  of  its  action. 

Incidentally,  we  have  endeavored  to  determine  the  best 
method  of  preparing /-nitrobenzylaniline,  avoiding  as  far  as 
possible  the  formation  of  ^^-/-nitrobenzylaniline.  Strakosch^ 
prepared  the  former  compound  by  heating  a  mixture 
of  /-nitrobenzyl  chloride  and  an  excess  of  aniline  to  boil- 
ing for  a  few  minutes.  He  isolated  only  the  one  compound. 
Paal  and  Sprenger*  have  since  obtained  the  same  compound, 
together  with   3z^-/-nitrobenzylaniline,    by   heating    /-nitro- 

1  Ber.  d.  chem.  Ges.,  6,  1062. 

2  Ibid.,  30,  69. 
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benzyl  chloride  (i  molecule)  with  aniline  (2  molecules)  in 
concentrated  alcoholic  solution  for  six  hours.  The  solid  ob- 
tained by  pouring  the  crude  reaction-mixture  into  cold  water 
was  separated  by  treatment  with  hot  dilute  alcohol  into  its 
component  compounds,  the  ^w-/-nitrobenzylaniline  remaining 
undissolved.  They  obtained  70  per  cent  of  the  theoretical 
yield  of  /-nitrobenzylaniline  and  a  small  yield  of  the  other 
compound,  the  amount  not  being  given.  Not  long  since  one 
of  us'  showed  that /-azoxybenzylideneaniline  and  the  three 
analogous  toluidines  may  be  obtained  in  equally  good  yield 
directly  from  /-nitrobenzyl  chloride,  aniline  or  a  toluidine, 
and  a  caustic  alkali,  if  the  mixture  is  heated  to  boiling 
one  minute.  We  have  now  found  that  a  prolonged  heating 
of  the  two  compounds  is  not  necessary  in  order  to  obtain  the 
maximum  yield  of  /!>-nitrobenzylaniline.  If  the  mixture  of 
the  two,  in  the  proportions  used  by  Paal  and  Sprenger,"  be 
heated  on  the  water-bath  for  two  or  three  minutes,  the  yield 
of /!>-nitrobenzylaniline  is  92  per  cent  of  the  theoretical  amount, 
and  that  of  ^w-^-nitrobenzylaniline  only  from  i  to  2  per  cent. 
When  the  mixture  of />-nitrobenzyl  chloride  and  aniline,  with-* 
out  addition  of  alcohol,  is  heated  to  boiling  it  is  necessary  to 
have  a  great  excess  of  aniline.  In  all  cases,  however,  small 
amounts  of  ^z>/-nitrobenzylaniline  are  formed.  Under 
various  circumstances  this  dissolves  in  ordinary  alcohol  and, 
therefore,  is  liable  to  escape  detection. 

No  sulphate  was  detected  in  the  reaction-mixtures  obtained 
by  boiling /-nitrobenzylaniline  or  />-azoxybenzylideneaniline 
with  an  alcoholic  solution  of  sodium  sulphide.  The  explana- 
tion of  the  reduction,  referred  to  above,  is  evidently  incorrect. 

EXPERIMBNTAI.. 

Prep  a  ra  Hon  of  p-Nitro  benzyl  aniline . 

The  method  of  Paal  and  Sprenger  was  first  tried.  A  mix- 
ture of/»-nitrobenzyl  chloride  (i  mol.)  and  aniline  (2  mols.) 
was  dissolved  in  the  minimum  quantity  of  alcohol  (95  per 
cent)  and  heated  on  the  water-bath  for  six  hours.     After  re- 

1  Ber.  d.  chem.  Ges.,  35,  2435. 
«  Loe.  cti. 
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peated  preparations  by  this  method  it  was  found  that,  while 
the  solution  usually  remained  clear  until  the  end,  at  times 
after  the  heating  had  continued  about  five  hours,  large  crys- 
tals of  (^zV-^-nitrobenzylaniline  began  to  separate  out,  and  at 
the  end  of  another  hour  the  solution  contained  very  little  of 
this  compound.  When  the  reaction-mixture  was  poured  into 
ice-water  and  the  solid,  so  obtained,  was  treated  with  boiling 
ordinary  alcohol,  the  whole  of  it  dissolved.  By  continuing  the 
boiling  with  alternate  additions  of  water  and  alcohol,  the  bis- 
/>-nitrobenzylaniline  was  caused  to  separate  out  as  a  yellow 
powder.  It  proved  more  satisfactory  to  treat  the  crude  prod- 
uct with  70  per  cent  alcohol.  This  dissolved  the  p-n\tro- 
benzylaniline  and  only  a  very  small  quantity  of  the  other 
compound.  One  gram  of  ^z^-/-nitrobenzylaniline  dissolved  in 
1200  cc.  boiling  70  per  cent  alcohol.  On  cooling  0.35  gram 
separated  from  the  solution. 

When  a  mixture  of  /-nitrobenzyl  chloride  (i  mol.)  and 
aniline  (2  mols.)  was  heated  on  the  water-bath  it  first  melted 
to  a  clear  liquid  of  a  brownish-red  color.  Within  two  minutes 
this  liquid  became  serai-solid  on  account  of  the  formation  of 
aniline  hydrochloride.  This  compound,  after  being  filtered 
out  and  washed  with  ether,  was  identified  by  its  melting-point 
and  its  reactions.  The  hydrochloride  of  /J-nitrobenzylaniline 
could  not  be  detected  in  the  reaction-mixture.  When,  in- 
stead of  warming  the  mixture  on  the  water-bath,  it  was  heated 
in  a  flask  over  a  flame,  the  reaction  was  the  same  when  the 
temperature  was  not  raised  above  120°.  But,  as  soon  as  it 
was  raised  above  this  point,  without  further  application  of 
heat,  the  temperature  rose  rapidly  to  185°,  the  mass  becoming 
an  intense  red  in  color.  As  we  were  unable  to  isolate  ^-nitro- 
benzylaniline  from  this  red  mass  we  have  not  investigated  it 
further.  When  the  temperature  was  not  allowed  to  rise  above 
140°  none  of  the  red  substance  was  formed.  When  a  great 
excess  of  aniline  (4  to  6  mols.)  was  used  and  the  whole  heated 
to  boiling  (one  to  two  minutes)  the  sarae  good  yield,  about 
92  per  cent,  of  /-nitrobenzylaniline  was  obtained.  The  excess 
of  aniline  was  removed  either  by  treatment  with  dilute  aqueous 
hydrochloric  acid  or  by  distillation  with  steam,  the  ^-nitro- 
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benzylaniline  being  insoluble  in  the  dilute  acid  and  non- 
volatile with  steam.  In  an  experiment  that  was  per- 
formed to  determine  the  yield  of  /-nitrobenzylaniline, 
/-nitrobenzyl  chloride  (10  grams)  was  mixed  with  ani- 
line (11. 2  grams)  and  heated  on  the  water-bath  five 
minutes.  The  semi-solid  reaction-product  was  treated  with 
boiling  70  per  cent  alcohol.  The  yield  of  ^w-/>-nitrobenzyl- 
aniline  was  0.15  gram.  The  crystals  of  /-nitrobenzylaniline 
weighed  9.5  grams.  To  determine  the  amount  of  the  last 
compound  remaining  dissolved  in  the  alcoholic  filtrate,  the  lat- 
ter was  heated  and  then  treated  with  alcoholic  potash.  The 
^-azoxybenzylideneaniline  so  obtained  weighed  2  grams. 
Ten  grams  of  pure  /-nitrobenzylideneaniline,  under  similar 
treatment,  yielded  7.5  grams />-azoxybenzylideneaniline.  The 
filtrate  must  have  contained  2.7  grams  of  the  former  com- 
pound in  solution.  Accordinglj'-,  10  grams  of  /!>-nitrobenzyl 
chloride  yield  12.2  grams  of  />-nitrobenzylaniline,  or  92  per 
cent  of  the  theoretical  amount. 

Action  of  Caustic  Alkalies  upon  p-Nitrobenzylaniline. 

When  the  hot  solution  of  this  compound  in  ordinary  or  in 
absolute  alcohol  is  treated  with  sodium  hydroxide  or  potas- 
sium hydroxide  in  the  solid  form,  or  in  either  aqueous  or  alco- 
holic solution,  or  with  sodium  or  potassium  ethylate,  the  solu- 
tion very  rapidly  darkens  in  color.  When  it  has  become  al- 
most black  a  very  rapid  separation  of  lustrous  golden-yellow 
crystals  takes  place.  At  the  end  of  a  few  minutes  the  reaction 
is  complete.  Small  quantities  of />-nitrobenzylaniline  may  be 
detected  by  this  reaction.  The  crude  reaction-products  con- 
taining />-nitrobenzylaniline  may  be  used  in  the  same  manner, 
without  previous  purification.  In  the  latter  case,  however,  it 
is  necessary  to  use  dilute  alcohol  as  a  solvent  and  to  add  an 
extra  amount  of  alkali  in  order  to  neutralize  the  hydrochloric 
acid  which  occurs  in  the  mixture  as  aniline  hydrochloride. 
Hot  alcoholic  solutions  of  /-nitrobenzylaniline  were  treated 
with  potassium  hydroxide  solution  and  the  resulting  /!>-azoxy- 
benzylideneaniline  was  filtered  out,  washed  well  with  alcohol, 
dried,  and  weighed.     The  yield  reached  a  maximum  when 
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the  compounds  were  used  in  the  proportion  indicated  above, 
viz.,  I  molecule  of  the  hydroxide  to  4  of  the  other  compound. 
When  smaller  proportions  of  alkali  were  used,  unchanged. 
/>-nitrobenzylaniline  could  be  obtained  from  the  filtrate.  By 
prolonged  heating  of  the  /-azoxybenzylideneaniline  with  an 
excess  of  alkali  it  was  entirely  decomposed,  forming  a  red 
solution,  which,  on  treatment  with  water,  gave  a  red  precipi- 
tate. 

Action  of  Alkaline  Sulphides  upon  p-Nitrobenzylaniline. 

The  gently  boiling  alcoholic  solution  of  />-nitrobenzylani- 
line  was  treated  with  an  alcoholic  solution  of  sodium  sulphide, 
only  small  amounts  being  added  at  a  time.  Within  from 
three  to  ten  minutes  the  characteristic  separation  of  crystals 
of  /^-azoxybenzylideneaniline  began.  They  separated  out 
much  more  slowly  than  when  the  alkaline  hydroxides  were 
used.  The  maximum  yield  was  obtained  when  the  two  com- 
pounds were  used  in  the  proportion  of  8  molecules  of  the  for- 
,mer  to  i  of  the  latter.  When  a  higher  proportion  of  sodium 
sulphide  was  used  the  yield  was  less  and  usually  no  separa- 
tion of  crystals  took  place.  /-Azoxybenzylideneaniline  was 
dissolved  by  prolonged  boiling  with  sodium  sulphide  and 
alcohol.  The  solution  gave  a  precipitate  with  water.  In 
properties  and  reactions  this  was  similar  to  /-amidobenzyli- 
deneaniline.  To  have  fully  identified  this  compound  an 
analysis  would  have  been  necessary.  This  was  not  made. 
The  alcoholic  filtrates  obtained  by  the  action  of  sodium  sul- 
phide upon  the  above-mentioned  compounds  were  evaporated 
to  dryness  and  the  residues  treated  with  hot  water.  The 
clear  aqueous  filtrates  gave  no  precipitate  with  barium  chlo- 
ride. 

University  Place,  Nebraska, 
March  14,  1903. 
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VL— THE  REI.ATIONS  EXISTING   BETWEEN  THE 

PHYSICAL  PROPERTIES  AND  THE  MOIvEC- 

UIvAR  WEIGHTS  OF;^-  AND  ;«-NITRO- 

SOBENZAIvDEHYDE. 

By  Frederick  J.  Alway  and  Walter  D.  Bonner. 

A  year  since,  in  an  article  by  Alway  and  Welsh/  it  was 
pointed  out  that  while  w-nitrosobenzaldehyde  forms  white 
crystals  and  is  readily  volatile  with  steam,  the  isomeric 
/>-nitrosobenzaldehyde  forms  yellow  crystals  and  at  times  can- 
not be  distilled  with  steam,  but  passes  over  rapidly  when,  by 
the  addition  of  calcium  chloride,  the  temperature  of  the  mix- 
ture in  the  flask  through  which  steam  is  being  passed  is  raised 
to  the  melting-point  of  ^-nitrosobenzaldehyde,  viz.,  137°. 
lyikewise,  this  compound  was  found  to  volatilize  readily  when 
its  green  solutions,  e.g.,  in  acetic  acid  and  in  alcohol,  were 
subjected  to  the  action  of  steam.  It  was  mentioned,  also,  that 
both  aldehydes  are  green  in  the  liquid  state  and  in  solution, 
and  that  when  volatilized  with  steam  they  give  the  character- 
istic odor  of  nitroso  compounds. 

Since  that  time  Piloty^  has  practically  completed  the  proof 
of  the  dependence  of  the  green  or  blue  color  upon  the  mono- 
molecular  condition  and  of  the  white  or  colorless  form  upon 
the  dimolecular  condition.  A  large  number  of  aliphatic 
nitroso  compounds  have  been  prepared  by  Piloty,  and  many 
more  aromatic  nitroso  compounds  by  Bamberger  and  others. 
So  far  as  we  are  aware,  />-nitrosobenzaldehyde  is  the  only 
compound  in  which  a  nitroso  group  is  attached  to  a  carbon 
atom,  that  is  known  to  exist  in  the  form  of  yellow  crystals. 
For  this  reason  it  seemed  desirable  to  determine  its  molecular 
weight  both  in  cold  and  in  hot  solutions. 

Piloty,*  in  describing  some  new  nitroso  compounds  in  1898, 
stated  that  "these  nitroso  compounds,  like  all  known  sub- 
stances of  this  class,  show  the  ability  to  form  colorless  solids, 

1  J.  Am.  Chem.  See,  34,  1052  (1902). 

2  Ber.  d.  chem.  Ges.,  35,  3090;  Piloty  and  Stock:  Ibid.,  35,  3093;  Piloty  and 
Steinbock  :  Ihid.,  35,  3101 .    See  also  Schmidt :  Ibid.,  35,  2323,  3727,  3737. 

»/Wrf.,3i,2i8  (1898). 
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which,  in  solution  and  in  the  liquid  state,  are  an  intense  blue 
(or  green)  in  color,  a  property  which  can  be  used  for  the 
recognition  of  true  nitroso  compounds,  and  which  was  first  ob- 
served by  Victor  Meyer  in  the  case  of  the  pseudonitrols." 
(This  statement  was  not  correct,  as  the  exception,  /-nitroso- 
benzaldehyde^  had  already  been  described.)  Soon  after,  the 
same  investigator  obtained  brom-2-nitroso-2-propane*  as  a  blue 
liquid  at  ordinary  temperatures  and,  further,  showed  that, 
when  in  the  colorless  form,  the  nitroso  compounds  are  able  to 
form  colorless  solutions,  the  freezing-points  of  which  indicate 
a  dimolecular  condition,  but  that,  on  warming,  the  color 
changes  to  blue  or  green,  the  molecular  weight  determinations 
of  the  latter  showing  that  the  monomolecular  condition  pre- 
vailed. About  the  same  time  Briihl,^  finding  that  a  53  per 
cent  supersaturated  alcoholic  solution  of  nitrosobenzene  did  not 
possess  as  intense  a  green  color  as  22  and  12  per  cent  solu- 
tions of  the  same  compound  in  benzene,  suggested  that  in  the 
latter  the  nitrosobenzene  was  in  a  monomolecular  condition 
and  in  the  former  in  the  dimolecular  condition,  as  expressed 
by  the  formula  : 

C«H,.N.O 

He  found  the  molecular  refraction  to  agree  with  this  assump- 
tion and  suggested  that  there  was  a  direct  connection  be- 
tween the  green  color  of  nitroso  compounds  in  general  and  the 
monomolecular  condition.  Bamberger  and  Rising*  have  de- 
termined the  molecular  weights  of  a  large  number  of  nitroso 
compounds  and  have  found  that  those  that  form  deep-green 
solutions  in  the  cold  contain  simple  molecules  both  in  boiling 
and  in  freezing  solutions.  On  the  other  hand,  nitrosomesityl- 
ene  and  2.6-dimethylnitrosobenzene,  which  form  faintly  green 
solutions  in  the  cold,  the  latter  becoming  an  intense  green  on 
warming,  exist  chiefly  in  the  dimolecular  condition  in  cold 
solutions  but  in  the  monomolecular  condition  in  hot  solutions. 

1  Ber.  d.  chem.  Ges.,  ag,  3037  (1896). 
«/*irf.,3I,452,457(i898). 
^  Ibid.,  31,  1465  (1898). 
^Ihid.,zz,^9,-]n  (1901). 
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A  few  nitroso  compounds  form  blue  or  green  crystals,  viz., 
3.4-dimethylnitrosobenzene/  brom-2-nitroso-2-dimethyl-3.3- 
butane/  ^-nitrosoanisol,  ^-nitrosoanisol/  i  .4-dibrom- 1 .4-dini- 
trosocyclohexane,  and  i.4-dichlor-i.4-dinitrosocyclohexane.* 
The  last-mentioned  compound,  under  the  influence  of  hydro- 
chloric acid,  changes  to  the  isomeric  i.4-dichlor-i.4-3zj-ni- 
trosylcyclohexane.  The  latter  is  colorless  and  does  not  form 
a  green  liquid  or  green  solutions.  It  is  considered  by  Piloty* 
to  form  the  transition  between  those  dimolecular  nitroso  com- 
pounds that  decompose  into  monomolecular  nitroso  com- 
pounds only  in  boiling  solutions,  and  the  ^w-nitrosyl  com- 
pounds, like  ^w-nitrosylbenzyP  and  ^w-nitrosylcarvon,^  which 
are  odorless  and  non-volatile,  and  are  blue  or  green  neither 
in  solution  nor  in  the  liquid  state. 

We  have  found  that  in  boiling  benzene  both  the/-  and  the 
w-nitrosobenzaldehyde  show  the  normal  molecular  weight. 
The  same  is  true  in  freezing  acetic  acid.  In  freezing  benzene 
the  former  shows  the  monomolecular  condition,  but  the  latter 
gives  evidence  of  a  part  being  in  the  dimolecular  condition. 
The  decrease  in  the  intensity  of  the  green  color  of  the  solu- 
tion of  w-nitrosobenzaldehyde  in  benzene  as  the  freezing-point 
of  the  latter  is  approached  is  in  accord  with  the  change  in 
molecular  weight.  A  change  in  the  intensity  of  the  color  of 
solutions  of /-nitrosobenzaldehyde,  on  the  other  hand,  is  ac- 
companied by  the  separation  of  yellow  crystals.  The  molec- 
ular weight  determinations  show  that  w-nitrosobenzaldehyde, 
rather  than  /-nitrosobenraldehyde,®  resembles  nitrosomesityl- 
ene.  No  light  is  thrown  by  these  determinations,  however, 
upon  the  cause  of  the  peculiar  position  that  /-nitrosobenzal- 
dehyde  occupies  among  the  nitroso  compounds. 

In  experiments  5,  6,  and  7  the  compound  dissolved  very 
slowly  in  cold  benzene.     After  the  addition  of  the  first  weight 

1  Ann.  Chem.  (I<iebig),  316,  285  (1901). 

*  Piloty :  Ber.  d.  chem.  Ges.,  35,  3092  (1902). 
"  V.  Baeyer  and  Knorr  :  Ibid.,  3034  (1902). 

*  Piloty  and  Steinbock  :  Ibid.,  35,  3101  (1903). 
^  Ibid.,  35,  3101  (1902). 

•Ann.  Chem.  (Liebig),  263,  21a. 

7  V.  Baeyer  :  Ber.  d.  chem.  Ges.,  a8,  642  (1895). 

8  J.  Am.  Chem.  Soc,  24,  1054  (1902). 
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and  continued  stirring  for  one  hour  very  little  had  dissolved. 
A  determination  of  the  freezing-point  showed  a  depression  of 
o°.o5.  Then  the  solvent  was  warmed  to  about  60°  to  dissolve 
the  substance.  This  had  to  be  repeated  after  the  addition  of 
each  new  portion.  No  crystals  separated  from  the  solution 
on  cooling. 

In  experiment  loa  crystals  separated  out  before  the  solu- 
tion began  to  solidify.  The  whole  was  warmed  until  the 
crystals  redissolved  and  then  cooled  down  again  (Experiment 
lob).  No  separation  of  crystals  of  the  dissolved  substance 
took  place  in  this  case. 

In  Experiments  15,  16,  17,  and  18  the  solvent  was  warmed 
to  dissolve  the  nitrosobenzaldehyde.  In  15  and  16  the  color 
of  the  solution,  which  was  a  deep  green  when  warm,  became 
much  fainter  as  the  temperature  approached  the  freezing-point 
of  the  solvent,  but  returned  to  its  former  intensity  on  warm- 
ing. In  Experiments  17  and  18  no  such  change  in  the  color 
was  observed. 

Naphthalene  is  not  available  as  a  solvent  in  the  molecular^ 
weight  determinations  of  the  nitrosobenzaldehydes,  as  the 
green  color  of  the  solutions  rapidly  changes  to  a  red,  showing 
that  a  chemical  change  has  taken  place.  A  similar  change 
takes  place  when  the  aldehydes  are  boiled  with  benzene  for  a 
long  time. 

Saturated  solutions  of  the  two  nitrosobenzaldehydes  in 
ether,  benzene,  and  acetic  acid  were  prepared.  Part  of  each 
was  heated  to  boiling  and  another  part  cooled  to  0°.  The 
only  case  in  which  a  distinct  change  in  the  color  was  notice- 
able was  that  in  which  the  benzene  solution  of  w-nitrosobenz- 
aldehyde  was  cooled,  the  green  color  becoming  much  fainter. 

University  Place,  Nebraska, 
April  25,  1903. 


THE  ACTION  OF  PHOSPHONIUM  IODIDE  ON  POI^Y- 
CHIvORIDES.' 

[first  paper.] 

By  JErnestine  and  Peter  Fireman. 

Since  Liebig/  in  1832,  took  up  the  study  of  the  action  of 
gaseous  ammonia  or  ammonium  chloride  on  phosphorus  penta- 
chloride,  a  study  which  led  him  to  the  discovery  of  "  chloro- 
phosphuret  of  nitrogen,"  a  number  of  chemists*  have,  from 
time  to  time,  attacked  this  subject.  However,  until  very  re- 
cently, little  light  was  thrown  on  the  reaction  in  question. 
The  yield  was  very  bad,  and  the  relation  of  the  chlorophos- 
phuret  to  other  phosphorus  compounds  remained  unestab- 
lished.  Our  knowledge  of  the  products  of  the  action  of  sal 
ammoniac  or  gaseous  ammonia  on  the  pentachloride  of  phos- 
phorus was  in  this  unsatisfactory  state  when  H.  N.  Stokes, 
in  1895,  began  the  investigation  of  this  subject.  One  of  the 
first  results  of  his  investigation*  was  the  isolation,  from  the 
products  of  the  reaction,  of  a  new  chloronitride  with  the  com- 
position (PNClj)^  and  of  an  oily  chloronitride  with  the  same 
percentage  composition,  whose  molecular  weight  remained 
undetermined.  These  two  bodies  were  obtained  in  addition 
to  Eiebig's  chlorophosphuret  (PNCl,),.  In  his  earlier  ex- 
periments Stokes  prepared  the  chloronitrides  of  phosphorus 
by  the  method,  described  by  Gladstone,*  of  distilling  phos- 
phorus pentachloride  with  a  large  excess  of  ammonium  chlo- 
ride. But  in  1897  he  devised  a  new  method*  which  gives  an 
almost  theoretical  yield.  It  consists  in  heating  a  mixture  of 
ammonium  chloride  and  phosphorus  pentachloride  in  the 
proportion  of  their  molecular  weights  in  a  sealed  tube.  From 
the  reaction-products  Stokes  was  able  to  isolate,  by  distilla- 

1  The  present  communication  contains  a  part  of  the  results  of  an  investigation 
carried  out  in  1900,  at  the  Columbian  University,  Washington,  D.  C. 

'■'  Ann.  Chem.  (Liebig),  11,  146. 

3  In  his  first  article  "on  the  chloronitrides  of  phosphorus"  (This  Journal,  17, 
275)  H.  N.  Stokes  quotes  the  literature  on  this  subject. 

*  Loc.  cit. 

6  Q.  J.  Chem.  Soc,  3,  135  ;  Ann.  Chem.  (Liebig),  76,  76. 

•  This  Journal,  19,  782. 
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tion  under  diminished  pressure,  the  following  series  of  poly- 
meric chloronitrides  : 

(PNC1,)3,    (PNCl,),,    (PNCl,),,     (PNC1,)3,     (PNCIJ,,    and 
(PNCl,),. 

In  view  of  the  smoothness  of  the  reaction  between  phos- 
phorus pentachloride  and  ammonium  chloride  and  the  remark- 
able nature  of  the  resulting  chloronitrides  and  of  the  products  of 
their  saponification,  it  has  appeared  desirable  to  determine  by- 
investigation  whether  we  have  here  a  unique  reaction,  with- 
out analogues,  or  a  typical  representative  of  a  whole  class. 
It  has  appeared  desirable,  in  other  words,  to  ascertain  whether 
ammonium  chloride  would  not  act  upon  other  inorganic  poly- 
chlorides  in  a  similar  manner.  On  the  other  hand,  it  has 
seemed  of  interest  to  compare  the  action  of  a  phosphonium 
halide  upon  polychlorides  with  that  of  ammonium  chloride 
upon  them.  The  former  problem  has  been  taken  up  by  one 
of  us  and  E.  G.  Portner,  while  the  latter  the  present  writers 
have  attempted  to  study.  The  following  is  a  description  of 
some  of  the  results  obtained  by  them. 

Since  phosphonium  chloride  and  phosphonium  bromide  are 
practically  inaccessible  in  quantities  necessary  for  an  extended 
research,  onl)^  phosphonium  iodide  is  available  for  an  investi- 
gation of  this  kind. 

It  must  be  confessed  that  at  the  inception  of  this  research 
the  hope  was  entertained  that  the  action  of  phosphonium 
iodide  upon  the  polychlorides  would  resemble  to  a  greater  or 
less  extent  that  of  ammonium  chloride  upon  them.  It  was 
hoped  that  by  treating  bodies  such  as  antimony  pentachloride 
or  tin  tetrachloride  with  phosphonium  iodide,  compounds 
would  result  resembling  the  chloronitrides  of  phosphorus,  but 
containing,  in  place  of  phosphorus,  antimony  or  tin,  and  in 
place  of  nitrogen,  phosphorus.  This  expectation  appeared  to 
be  justified  by  the  fact  that  a  compound  consisting  of  tin, 
phosphorus,  and  chlorine  was  described  by  R.  Mahn,^  who 
prepared  it  by  the  action  of  hydrogen  phosphide  upon  stannic 
chloride.     To  be  sure,  the  composition  assigned  to  that  body 

1  Jenaische  Ztschr.  f.  Medicin  u.  Naturwiss.,  s,  158. 
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was  rather  strange,  viz.,  ShjPjCIj  ;  but  an  incorrect  formula 
was  also  ascribed  to  Liebig's  chlorophosphuret  for  a  long 
time.  It  therefore  became  an  additional  incentive  to  the 
carrying  out  of  this  investigation  to  verify,  if  possible,  Mahn's 
results,  and  perhaps  to  correct  the  formula  for  the  body  he 
obtained. 

Actual  experiments  soon  demonstrated,  however,  that  the 
action  of  phosphonium  iodide  on  the  polychlorides  is  radically 
different  from  that  of  ammonium  chloride  on  these  chlorides ; 
that  the  analogues  of  the  chloronitrides,  with  phosphorus  in 
place  of  nitrogen,  cannot,  if  at  all,  be  prepared  through  the 
aid  of  phosphonium  iodide.  However,  the  action  of  phos- 
phonium iodide  on  the  tetra-  and  pentachlorides,  such  as  it  is, 
has  appeared  well  worthy  of  careful  study. 

In  accordance  with  the  original  object  of  this  investigation, 
the  lowest  polychlorides^  which  could  fall  within  its  scope 
are  the  tetrachlorides.  The  common  tetra-  and  pentachlorides 
were,  therefore,  first  attacked,  but  the  nature  of  the  results 
obtained  seems  to  justify  the  extension  of  this  study  so  as  to 
include  also  some  lower  polychlorides . 

I. 

Action  of  Phosphonium  Iodide  on  Antimony  Peniachloride . 

The  experiments  described  below  show  that  when  phos- 
phonium iodide  and  antimonic  chloride  are  heated  in  a  sealed 
tube  a  reaction  takes  place  between  them  which  can  be  repre- 
sented by  the  following  equation  : 

sSbClj  +  3PH,I  =  Sbl,  +  2SbC]3  +  9HCI  +  PH,  -f  P,. 

1  It  is  evident  that  for  a  reaction  similar  to  that  which  takes  place  between  phos- 
phorus pentachloride  and  ammonium  chloride,  no  lower  chlorides  than  tetrachlo- 
rides can  be  used  in  place  of  phosphorus  pentachloride.  For,  as  Stokes  shows,  the 
chloronitrides  of  phosphorus  result  according  to  this  equation  : 

PClj  +  NH4CI  =  4HCI  -1-  PNCI2. 
Now,  with  ammonia,  which  can  be  used  in  place  of  ammonium  chloride,  the  reac- 
tion must  be  as  follows  : 

PCls  +  NH3  =  3HCI  -f-  PNCI2. 

Hence  it  is  obvious  that  only  chlorides  of  such  elements  which  carry  at  least  4  atoms 

of  chlorine  to  i  of  their  own,  can  give  off  3  atoms  of  chlorine  to  form  3  molecules  of 

hydrochloric  acid  with  the  hydrogen  of  ammonia,  and  still  retain  chlorine  : 

CCI4  +  NHs  =  3HCI  +  CNCl. 
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In  this  reaction  antimonic  chloride  is  reduced  to  anti- 
monous  chloride,  a  third  of  the  latter  being  converted  into 
antimonous  iodide,  copious  quantities  of  hydrochloric  acid 
gas  and  some  hydrogen  phosphide  are  evolved,  and  phos- 
phorus is  set  free. 

Antimony  pentachloride  and  phosphonium  iodide,  when 
brought  together  in  the  open  air  at  ordinary  temperature,  act 
upon  one  another  with  explosive  violence,  and  free  iodine  es- 
capes with  the  other  gases. 

In  order  to  seal  up  together  antimonic  chloride  and  phos- 
phonium iodide,  it  is  necessary  to  place  one  of  these  sub- 
stances in  a  narrow  tube,  and  then  place  this  narrow  tube 
within  a  larger  tube,  into  which  the  other  substance  has  been 
previously  introduced. 

In  studying  the  reaction  under  consideration  we  proceeded 
as  follows  :  The  phosphonium  iodide  was  placed  in  an  ordi- 
nary bomb  tube,  into  which  the  antimonic  chloride,  contained 
in  a  short,  narrow  tube,  was  then  introduced.  Digestion  at 
the  temperature  of  boiling  water  is  sufficient  to  bring  about 
the  reaction  indicated  above.  It  is  advisable,  however,  to 
heat  at  a  somewhat  higher  temperature  in  order  to  hasten 
matters.  It  may  perhaps  be  well  to  describe  one  experiment 
in  detail. 

Four  tubes,  each  containing  3  cc.  (6.8  grams)  of  antimony 
pentachloride  (i  mol.)  and  3.6  grams  of  phosphonium  iodide 
(i  mol.),  were  heated  for  five  hours  at  95°  to  105°.  On  cool- 
ing, the  contents  of  the  tube  consisted  of  some  unchanged 
phosphonium  iodide  (which  remained  at  the  bottom),  of  asolid 
mass  partly  orange-yellow  and  partly  ruby-red  in  color,  and 
of  some  liquid  (apparently  unchanged  antimonic  chloride). 
On  opening  the  tubes,  hydrogen  chloride  escaped.  The  loss 
of  weight  in  the  four  tubes  was  1.7,  1.6,  1.9,  and  1.8  grams  re- 
spectively. 

On  further  digestion  for  five  hours  at  100°  to  110°,  the  en- 
tire contents  of  the  tubes  became  solid.  No  phosphonium 
iodide  was  now  to  be  discerned,  and  the  color  of  the  mass  was 
yellow  and  orange.  On  opening,  the  tubes  were  found  to 
have  lost  0.6,  0.65,  0.2,  and  0.4  gram,  respectively. 
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Heating  for  nine  hours  more  at  lOo''  to  iio°  caused  in  two 
of  the  tubes  only  an  additional  loss  of  o.i  gram  of  gas.  The 
total  loss  in  the  four  tubes  was  2.4,  2.25,  2.2,  and  2.2  grams, 
respectively. 

In  other  experiments  the  tubes  were  opened  more  frequently, 
and  the  gradual  disappearance  of  the  phosphonium  iodide 
and  antimony  pentachloride  could  be  well  observed.  The 
former  remained  at  the  bottom  of  the  tube  in  an  entirely  de- 
tached mass  from  the  rest  of  the  substance,  while  the  latter 
remained  liquid,  but  was  rendered  dark  in  color.  Some  of 
the  gas  escaping,  on  opening  the  tubes,  was  collected  each 
time  in  a  flask,  with  some  water,  and  examined.  At  the 
earlier  stages  nothing  but  hydrochloric  acid  escaped.  The 
precipitate  with  silver  nitrate  was  perfectly  white  and  dis- 
solved easily  and  completely  in  ammonia.  Towards  the  end 
of  the  operation,  at  the  last  opening  or  two,  the  outrushing 
gas  flashed  up,  thus  showing  the  formation  of  phosphine. 

I^arger  quantities  of  the  material  than  were  used  in  the 
tubes  of  the  experiments  described  above  can  be  heated  in  one 
tube  with  entire  safety,  but  then  the  tubes  must  be  opened 
more  frequently  and  after  shorter  intervals.  The  digestion 
should  be  so  regulated  that  not  more  than  2  grams  of  hydro- 
chloric acid  gas  will  be  present  at  one  time  in  a  tube  of 
medium  capacity. 

There  being  no  other  more  convenient  way  to  get  out  the 
product  of  the  reaction  from  the  tubes,  the  latter  were  cut  into 
pieces,  from  which  as  much  as  possible  of  the  substance  was 
then  scraped  out  and  collected  separately  in  a  flask  (these 
were  styled  Portion  I.).  The  pieces  of  the  tube,  with  what 
adhered  to  them  (Portion  II.),  were  placed  in  another  flask. 
Portion  II.  was  first  treated  with  solvents.  It,  together  with 
the  pieces  of  glass,  was  covered  with  benzene  and  heated  for 
some  time  in  a  water-bath  with  a  reflux  condenser.  The 
liquid  was  then  filtered  hot  into  the  flask  containing  Portion 
I.  The  residue  of  Portion  II.  was  again  digested  with  ben- 
zene with  the  reflux  condenser,  and  the  liquid  filtered  into  the 
flask  containing  Portion  I.  This  treatment  was  repeated  once 
more.     The  benzene  solution,  together  with  the  main  portion 


Action  of  Phosphonium  Iodide  on  Poly  chlorides ,        121 

of  the  product,  was  now  heated  on  the  water-bath  with  a  re- 
turn condenser,  and  the  liquid  filtered  hot  into  a  flask.  The 
residue  was  treated  twice  more  with  benzene.  The  united 
filtrates  were  then  concentrated  to  about  300  cc.  by  distilla- 
tion and  then  allowed  to  cool  in  a  stoppered  flask.  Crystals 
separated  which  were  mostly  red  in  color,  flat,  and  united  into 
bands.  Some  small,  yellow,  square  crystals  were  also  formed. 
The  liquid  was  poured  off  and  the  crystals,  which  weighed  5.5 
grams,  were  redissolved  in  benzene  and  recrystallized.  A  red 
substance  was  obtained  which,  on  drying  in  the  desiccator, 
and  for  a  short  time  in  the  steam-oven,  proved  to  be  pure 
antimony  triiodide.  It  was  identified  by  its  melting-point 
(167°)  and  by  analysis,  as  follows  : 

I.  0.3264  gram  substance  gave  0.1112  gram  SbjS,,  corre- 
sponding to  0.0798  gram  antimony. 

II.  0.2442   gram  substance  gave  0.3412  gram  Agl,  corre- 
sponding to  0.1844  gram  iodine. 


Calculated  for 

Sbl3. 

Found. 

Sb 

24.28 

24-45 

I 

75.72 

75-49 

The  filtrate,  after  the  removal  of  the  first  crop  of  crystals 
(5-5  grams)  was  considerably  concentrated  by  distillation  and 
allowed  to  stand  in  a  stoppered  flask.  After  some  time  crys- 
tals separated,  which  were  in  the  main  yellow,  but  in  a  few 
instances  red.  The  two  kinds  of  crystals  (aggregating  3 
grams)  proved  to  be  two  modifications  of  antimony  triiodide. 
They  showed  the  same  melting-point  (167''),  and  the  yellow 
modification  passed  over  into  the  red  one  when  it  was  at- 
tempted to  recrystallize  it. 

On  further  concentrating  the  mother-liquor,  two  more  grams 
of  antimonous  iodide  (identified  by  its  melting-point)  were 
obtained.  The  remaining  solution  was  reduced  to  a  small 
bulk  and  allowed  to  get  cold.  A  white,  crystalline  cake 
formed.  Instead  of  pressing  out  from  the  cake  the  remaining 
benzene  and  so  separating  the  white  crystalline  mass  from 
the  mother-liquor  by  filtering  with  suction,  all  the  benzene 
was  distilled  off  and  the  solid  mass  transferred  to  a  distilling- 
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flask.  The  latter  operation  was  easily  carried  out  by  melt- 
ing the  residue  by  gently  warming  and  then  pouring.  The 
white  solid  distilled  over  for  the  most  part  at  about  224°.  By 
its  easy  fusibility  and  its  boiling-point  it  was  shown  to  be  anti- 
monous  chloride.^  The  last  portion  of  the  distillate  was 
somewhat  contaminated  with  some  antimonous  iodide  which 
had  remained  to  the  last  in  the  benzene  solution,  and  which, 
though  distilling  at  a  much  higher  temperature  (414°  to  427°) , 
sublimes  at  a  considerably  lower  temperature.  About  11 
grams  of  antimonous  chloride  were  obtained. 

The  residue  which  remained  from  the  main  portion  of  the 
product,  after  it  was  treated  with  benzene,  as  well  as  the  one 
which  remained  from  that  portion  of  the  product  which  ad- 
hered to  the  glass,  was  treated  with  carbon  disulphide  in  a 
water-bath  with  a  reflux  condenser  in  order  to  remove  the 
residue  of  antimonous  iodide.  The  filtered  solution  gave,  on 
concentration,  about  two  more  grams  of  the  latter. 

The  final  residue  (the  free  one  and  the  one  adhering  to  the 
glass),  was  a  bright-red  powder  which  responded  to  the  various 
tests  for  red  phosphorus.  It  took  fire  when  touched  with  a  hot 
glass  rod,  and  when  heated  in  a  small  tube,  closed  atone  end,  it 
formed  yellow  phosphorus.  It  dissolved  in  nitric  acid,  and  the 
solution,  when  treated  with  magnesia  mixture  in  the  usual  way, 
gave  the  characteristic  precipitate  for  phosphoric  acid.  A 
quantitative  determination  of  the  phosphorus  was  attempted, 
but,  as  is  well  known,  the  complete  oxidation  of  red  phos- 
phorus is  a  very  slow  process.  After  repeated  treatment  with 
dilute  and  concentrated  nitric  acid,  alternately,  and  evapora- 
ting to  dryness,  not  more  than  about  70  per  cent  of  phos- 
phorus was  found.  It  did  not  seem  necessary  to  pursue  the 
estimation  of  phosphorus  any  further,  since  even  the  imper- 
fect analysis  made  proved  that  we  had  in  hand  phosphorus, 
although  it  was  associated  with  the  accumulated  impuri- 
ties of  the  various  operations.  About  1.5  grams  of  the  red 
phosphorus  were  obtained  from  the  main  portion  of  the  reac- 

1  The  boiling-point  of  antimonous  chloride  is  variously  stated.  It  is  given  by 
some  as  216°  and  by  others  as  223*.5.  A  perhaps  not  uninteresting  observation  was 
made  in  this  laboratory  which  may  explain  this  discrepancy.  A  freshly  obtained 
quantity  of  antimony  trichloride,  which  distilled  over  with  great  constancy  at  about 
324°,  showed,  after  a  few  weeks,  with  just  as  much  constancy  the  boiling-point  216*. 
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tion-product.  The  phosphorus  which  adhered  to  the  glass 
probably  amounted  to  about  0.5  gram. 

In  concluding  the  description  of  the  experimental  part  of 
the  study  of  the  action  of  phosphonium  iodide  upon  antimony 
pentachloride,  it  may  be  added  that  the  antimony  was  deter- 
mined as  SbjSg  in  the  usual  way,  while  the  iodine  was  pre- 
cipitated from  a  tartaric  acid  solution  to  which  a  weighed 
amount  of  silver  nitrate  in  ver}''  slight  excess  was  added/ 

The  experiments  described  above  seem  to  be  very  satisfac- 
torily represented  by  the  equation  : 

3SbCl,  +  3PH,I  =  Sbl,  -h  2SbCl,  -f  9HCI  +  PH3  +  P,. 

1.  The  antimonic  chloride  and  phosphonium  iodide  were 
used  in  the  proportion  of  i  molecule  to  i  molecule  as  required 
by  the  equation. 

2.  The  antimony  was  actually  obtained  in  the  form  of 
antimonous  iodide  and  chloride,  and  only  in  this  form.  Ac- 
cording to  the  equation,  more  of  the  iodide  (mol.  wt.  502.55) 
than  of  the  chloride  (mol.  wt.  226.5  X  2  =  453)  should  be 
obtained.  The  actual  quantities  weighed  were  12.5  grams  of 
antimonous  iodide  and  about  1 1  grams  of  antimonous  chlo- 
ride. As  compared  with  the  theoretical  amounts  of  the  two 
substances  which  should  have  been  expected  from  the  ma- 
terials of  the  four  tubes,  only  about  85  per  cent  of  the  iodide 
and  80  per  cent  of  the  chloride  were  obtained.  But  it  must 
be  remembered  that  the  antimony  chloride  used  was  only  the 
commercial  article,  and  the  phosphonium  iodide  can  never  be 
prepared  in  a  state  approximating  purity;  and  further,  that 
in  the  scraping  out  of  the  substances  from  the  tubes  and  the 
many  operations  involved  in  the  treatment  of  the  products  of 
the  reaction,  considerable  loss  of  the  substance  could  not  be 
avoided. 

3.  The  amount  of  hydrochloric  acid  gas  which  escaped  is 
really  decisive  in  the  interpretation  of  the  reaction.  Under 
the  most  favorable  conditions,  a  tube  which  contained  3.6 
grams  of  phosphonium  iodide  and  6.8  grams  of  antimonic  chlo- 
ride lost  2.4  grams  from  the  escape  of  gases.     The  theoretical 

1  J.  p.  Cooke  :  Proc.  Am.  Acad,  of  Arts  aud  Sciences,  [2],  5,  72. 
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loss  of  hydrochloric  acid  and  hydrogen  phosphide,  according 
to  the  equation,  should  have  been  2.7  grams.  The  loss  found 
amounted  to  90  per  cent  of  the  one  calculated.  A  better 
agreement  could  not  be  expected  considering  the  condition  of 
the  materials  used. 

4.  Red  phosphorus  was  obtained  in  sufficient  quantities  to 
satisfy  the  theory,  and  the  formation  of  phosphine  gas,  which 
was  observed  in  the  later  stages,  can  be  assumed  to  have  pro- 
ceeded in  accordance  with  the  equation. 

As  was  mentioned  above,  the  antimony  triiodide  which 
forms  in  the  reaction  was  obtained  in  two  modifications,  in  a 
red  and  in  a  yellow  one.  It  is  interesting  to  note  that  from 
one  and  the  same  benzene  solution,  on  gradual  concentration, 
there  first  separated  out  red  crystals  exclusively,  then  fol- 
lowed a  crop  of  mostly  yellow  crystals,  then  again  red  ones, 
and  lastly,  antimonous  chloride,  which  remained  somewhat 
contaminated  with  the  red  antimonous  iodide. 

The  reaction  between  antimonic  chloride  and  phosphonium 
iodide  is,  it  appears,  essentially  a  reducing  one.  All  the 
antimonic  chloride  is  reduced  to  the  antimonous  state. 
When  equal  numbers  of  molecules  of  the  two  reagents  are 
used,  a  third  of  the  antimonous  chloride  is  converted  into 
antimonous  iodide. 

The  reducing  properties  of  phosphonium  iodide  are  well 
known,  but  we  are  not  aware  that  it  has  as  yet  been  at  all 
made  use  of  in  this  capacity  in  inorganic  chemistry.  And  yet 
it  would  appear  from  the  reaction  just  described  that  it  may 
become  serviceable  to  the  inorganic  chemist. 

According  to  H.  Rose,^  antimonic  chloride  and  phosphine 
form  an  addition-product,  some  hydrochloric  acid  gas  being 
evolved  at  the  same  time.  But  R.  Mahn,^  in  repeating  Rose's 
experiment,  failed  to  obtain  the  addition-product  in  question. 
He  found  instead  that  the  two  bodies  act  upon  one  another 
according  to  this  equation  : 

4SbClj  +  PH3  =  4SbCl3  +  PCI5  -f  3HCI. 

1  Pogg.  Ann..  24,  165. 

'  Jenaische  Ztschr.  f.  Medicin  u.  Naturwiss.,  s,  158. 
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n. 

Action  of  Phosphonium  Iodide  on  Phosphorus  Pentachloride , 

These  two  substances  act  upon  one  another  even  at  ordi- 
nary temperatures,  but  the  reaction  does  not  seem  to  proceed 
much  beyond  the  point  of  contact  of  the  two  bodies.  When 
heated  in  a  sealed  tube  they  undergo  the  following  reaction  : 

3PCI,  -h  3PHJ  =  PI3  +  PCI3  +  1 2HCI  +  P,. 

Not  only  is  the  pentachloride  reduced  to  a  lower  halide,  but 
a  part  of  its  phosphorus  is  also  reduced  to  the  elementary  con- 
dition. In  one  experiment  the  formation  of  diphosphorus 
tetraiodide  was  observed,  which  probably  resulted  from  a 
secondary  reaction  between  the  phosphorus  triiodide  and 
phosphorus. 

The  progress  of  the  reaction  seems  to  be  very  much  influ- 
enced by  the  circumstance  as  to  whether  the  two  substances 
are  thoroughly  mixed  with  one  another  before  the  digestion  or 
not.  In  the  former  case  one  can  observe,  as  an  intermediate 
stage,  the  formation  at  about  80°  C,  of  a  liquid  from  which^^ 
if  allowed  to  cool,  short,  fine  needles  separate.  If  no  mixing 
took  place  the  intermediate  formation  of  a  liquid  was  not  ob- 
served. 

The  following  are  some  of  the  experiments  made  with  phos- 
phonium iodide  and  phosphorus  pentachloride  : 

Two  tubes,  each  containing  2  grams  of  phosphonium  iodide 
(i  mol.)  and  2.6  grams  of  phosphorus  pentachloride  (i  mol.) 
were  sealed  and  heated  two  and  one-half  hours  at  90°  to  100°. 
On  cooling,  in  only  one  tube  was  any  liquid  noticed.  On 
opening,  an  acid,  non-inflammable  gas  escaped — hydrochloric 
acid;  no  phosphine,  no  hydriodic  acid.  The  losses  in  weight 
were  :  (I.)  0.9  gram  ;  (II.)  i  gram.  On  further  heating  for 
three  hours  at  100°  to  110°,  again  only  hydrochloric  acid  es- 
caped and  to  the  following  extent:  From  (I.)  0.5  gram,  and 
from  (II.)  0.65  gram.  The  tubes  were  now  digested  for  five 
hours  at  120°  to  125°,  upon  which  they  lost  0.35  gram  and 
0.25  gram  of  hydrochloric  acid,  respectively.  Further  diges- 
tion did  not  cause  the  evolution  of  any  more  gas.     The  prod- 
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uct  was  entirely  solid,  mostly  red  in  color  but  to  a  small  ex- 
tent yellow. 

In  order  to  separate  the  phosphorus  trichloride  from  the  re- 
action-product in  which  it  is  present  in  but  small  quantity 
(theoretically  to  2  grams  of  phosphonium  iodide  correspond 
0.46  gram  of  the  trichloride)  we  proceeded  in  one  case  as  fol- 
lows :  The  mass  in  the  tube  was  treated  with  carbon  disulphide 
which  is  said  to  dissolve  freely  both  of  the  iodides  of  phos- 
phorus as  well  as  the  trichloride  of  this  element,  and  the  solu- 
tion distilled  over  a  water-bath.  For  some  reason  or  other  no 
phosphorus  trichloride  (boiling-point  76°)  was  obtained. 

The  following  method,  however,  proved  successful  for  the 
separation  of  the  trichloride  :  The  tube  containing  the  reac- 
tion-product was  bent  in  the  middle  to  almost  a  right  angle, 
the  tip  sealed,  and  then  the  contents  of  the  tube  subjected  to 
distillation.  The  lower  half  of  the  tube  was  immersed  in  boil- 
ing water  while  the  upper  half,  with  the  tip,  dipped  into  cold 
water.  Recourse  was  had  to  distillation  in  a  closed  tube  in 
order,  by  duplicating  the  conditions  under  which  the  reaction 
took  place,  to  avoid  possible  interaction  between  the  trichlo- 
ride and  the  iodide  of  phosphorus.  As  a  result  of  this  dis- 
tillation a  sufficient  quantity  of  a  colorless  liquid  was  obtained, 
to  be  easily  identified  as  phosphorus  trichloride.  It  became 
hot  when  a  few  drops  of  water  were  added  to  it,  and  the  water 
solution  so  formed  (phosphorous acid)  reduced  silver  nitrate 
and  mercuric  chloride  from  their  solutions. 

Upon  the  removal  of  the  phosphorus  trichloride  the  contents 
of  the  tube  were  treated  with  carbon  disulphide  and  the  solu- 
tion formed  was  filtered  and  concentrated,  when  short,  red 
needles  separated,  which,  by  their  melting-point  of  55°  C, 
were  easily  identified  as  phosphorus  triiodide.  The  residue 
left  after  the  treatment  with  carbon  disulphide  consisted  of 
red  phosphorus. 

Conclusive  evidence  of  the  fact  that  the  reaction  between 
phosphonium  iodide  and  pentachloride  takes  place  as  indi- 
cated by  the  equation  given  above,  is  supplied  by  the  amount 
of  hydrochloric  acid  liberated.     The  two  tubes  lost,  respec- 
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tively,  1.75  and  1.9  grams  of  hydrochloric  acid.  According 
to  theory  they  should  have  lost  1.83  grams. 

In  one  experiment  in  which  the  digestion  was  finished  at  a 
higher  temperature  (135"),  some  well-shaped  crystals  were 
found  in  the  upper  part  of  the  tube.  A  melting-point  was 
taken  and  proved  to  be  110°,  which  is  the  melting-point  of  di- 
phosphorus  tetraiodide,  P^I^. 

On  the  whole,  it  may  be  stated  that  the  reaction  between 
phosphorus  pentachloride  and  phosphonium  iodide  is  similar 
in  nature  to  that  between  the  latter  and  antimony  pentachlo- 
ride. In  both  cases  the  phosphonium  iodide  acts  as  a  reduc- 
ing agent,  but  in  the  case  of  phosphorus  pentachloride  the 
reduction  is  more  complete,  for  not  only  is  the  phosphorus 
pentachloride  reduced  to  phosphorus  trichloride  (in  a  part  of 
which  the  chlorine  is  replaced  by  iodine),  but  one-third  of  it 
is  reduced  to  elementary  phosphorus. 

According  to  Mahn,^  hydrogen  phosphide  acts  on  phos- 
phorus pentachloride  according  to  the  equation  : 

PH3+3PC1,  =  4PC1,  +  3HC1. 

III. 

Action  of  Phosphonium  Iodide  on  Tin  Tetrachloride. 

In  the  study  of  the  action  of  phosphonium  iodide  upon  tin 
tetrachloride,  the  previous  elucidation  of  the  reaction  between 
phosphonium  iodide  and  antimony  pentachloride,  and  between 
the  former  and  phosphorus  pentachloride,  was  of  great  advan- 
tage. But  for  the  experience  so  gained  we  might  have  been 
led  to  an  imperfect  interpretation  of  what  takes  place  when 
tin  tetrachloride  and  phosphonium  iodide  are  heated  in  a 
closed  tube,  for  the  first  experiments  seemed  to  point  to  the 
following  reaction  : 

4SnCl,  +  4PH,I  =  SnI,  +  3SnCl,  +  loHCl  -h  2PH,  +  P,. 

As  a  matter  of  fact,  the  tin  tetraiodide  was  obtained  in  con- 
siderable quantity  and  identified  by  a  complete  quantitative 
analysis.  Moreover,  the  amount  of  hydrochloric  acid  and 
phosphide  seemed  to  accord  with  the  equation.     But  on  com- 

1  Jenaische  Ztschr.  f .  Medicin  u.  Naturwiss.,  s,  158. 
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paring  this  reaction  with  that  taking  place  between  phos- 
phorus pentachloride  and  phosphonium  iodide, 

sSbCl^  +  3PHJ  =  Sbl3  +  2SbCl3  +  9HCI  +  PH3  +  P„ 

we  were  struck  by  the  relative  incompleteness  of  the  former. 
It  appeared  strange  that  the  stannic  iodide  was  not  reduced 
to  stannous  iodide.  The  digestion  was,  therefore,  continued 
for  longer  periods  of  time  and  at  higher  temperatures  with  the 
result  that  the  reduction  was  as  complete  as  that  which  takes 
place  when  antimony  pentachloride  is  treated  with  phos- 
phonium iodide.     Thus  the  reaction  is  really  as  follows  : 

6SnCl,  +  6PH J  33  3SnCl,  +  sSnl,  +  1 8HC1  +  2PH3  +  4P. 

When  tin  tetrachloride  and  phosphonium  iodide  are  brought 
together  at  ordinary  temperatures  a  mild  reaction  sets  in, 
which  stops  after  a  short  time  if  the  access  of  moist  air  is 
prevented.  A  steady  reaction  between  the  two  bodies  begins 
in  the  neighborhood  of  100°  C. 

The  following  are  some  of  the  experiments  made  with  tin 
tetrachloride  and  phosphonium  iodide.  In  the  first  experi- 
ments the  tin  tetrachloride,  contained  in  a  short  tube  of  small 
bore,  was  placed  in  one  of  a  larger  bore  into  which  the  phos- 
phonium iodide  had  previously  been  introduced.  Four  tubes, 
each  containing  6.5  grams  (3  cc.)  of  tin  tetrachloride  (i  mol.), 
and  4  grams  of  phosphonium  iodide  (i.  mol.)  were  digested 
four  hours  between  90°  and  100°  C.  On  cooling,  a  thin, 
orange-yellow  sublimate,  covering  the  whole  inner  surface  of 
the  tube,  was  to  be  observed.  The  most  of  the  phosphonium 
iodide  lay  unchanged  at  the  lower  part  of  the  tube  and  above 
it  a  black  mass  was  formed.  Only  one  tube  (I.)  was  opened. 
Four-tenths  gram  of  a  non-inflammable  acid  escaped,  which 
proved  to  consist  of  pure  hydrochloric  acid.  On  further 
treating  for  twelve  hours  at  112°  to  115°  C.  the  tube,  which 
had  lost  0.4  gram  of  hydrochloric  acid,  lost  0.5  gram  more  of 
the  same  gas.  After  heating  for  one-half  hour  longer  at  120° 
to  125°  tube  II.  gave  off,  on  cooling,  i  gram  and  tube  III. 
0.9  gram  of  hydrochloric  acid  not  contaminated  with  either 
hydriodic  acid  or  phosphine.     Tube   I.  was  not  opened  this 
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time.  One  tube  exploded.  Further  digesting  for  three  and 
one-half  hours  at  120°  to  125°  caused  the  following  losses  of 
pure  hydrochloric  acid  :  Tube  I.  0.8  gram,  tube  II.  0.7  gram, 
tube  III.  0.6  gram.  The  sublimate  inside  the  tube  was 
orange-red.  On  continued  heating  for  one  and  one-half 
hours  at  125°  to  135°,  the  losses  were,  I.  0.4  gram,  II.  0.45 
gram,  III.  0.45  gram.  The  escaping  gases  became  inflamed 
for  an  instant.  The  presence  of  phosphine  in  the  issuing 
gases  was  further  proved  by  the  silver  nitrate  test.  On  addi- 
tion of  the  latter  reagent  to  a  solution  of  a  part  of  the  libera- 
ted gases  in  water  a  dark  precipitate  was  found.  This  pre- 
cipitate, with  the  exception  of  some  minute  black  specks  (sil- 
ver phosphide),  redissolved  immediately  on  the  addition  of 
ammonia.  The  black  specks  redissolved  only  on  vigorous 
shaking.  Some  unchanged  phosphonium  iodide  was  still  to 
be  seen  at  the  lower  part  of  the  tube.  On  further  digestion 
for  three  hours  at  130°  to  135°  the  losses  were,  I.  0.25  gram, 
II.  0.25  gram,  III.  0.3  gram.  The  opening  of  the  tubes  was 
accompanied  by  a  sharp  noise,  the  escaping  gases  burning fbr 
a  few  seconds.  The  heating  was  now  still  further  continued  for 
seven  hours  at  130°  to  135°  with  the  result  that  tube  I.  lost 
0.2  gram,  tube  II.  0.3  gram,  tube  III.  0.3  gram  of  hydro- 
chloric acid  and  phosphine.  The  tubes  were  digested  once 
more,  this  time  for  six  hours,  up  to  160".  Only  o.i  gram  of 
gas  escaped  from  each  tube,  the  outflowing  gases  burning  for 
some  time.  The  reaction  was  considered  as  finished.  The 
total  losses  of  the  three  tubes  were,  I.  2.65  grams,  II.  2.65 
grams,  III.  2.8  grams. 

The  reaction-product  was  removed  from  the  tubes  and  di- 
gested repeatedly  with  benzene  by  the  aid  of  a  reflux  con- 
denser. On  concentrating  the  benzene  solution  by  distilla- 
tion, a  crop  of  red  crystals  was  obtained  which  proved  to  be 
stannic  iodide.  This  was  identified  by  its  melting-point  (146° 
C.)  and  by  analysis. 

I.  0.2156  gram  substance  gave  0.0526  gram  SnOj,  corre- 
sponding to  0.04138  gram  tin. 

II.  0.3444  gram  substance  gave  0.5162  gram  Agl,  corre- 
sponding to  0.2789  gram  iodine. 
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Snl4. 
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Sn 

I 

19.01 
80.99 

19.19 
80.98 
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The  residue,  after  extraction  with  benzene,  could  be  ex- 
pected to  contain  stannous  chloride,  free  phosphorus,  and 
perhaps  stannous  iodide  also.  Since  absolute  alcohol  is  said 
to  dissolve  stannous  chloride  without  decomposition  while 
stannous  iodide  is  not  known  to  be  soluble  in  this  medium,  it 
was  hoped,  by  treating  the  residue  with  absolute  alcohol,  to 
separate  the  stannous  chloride.  The  attempt,  however,  was 
a  failure.  On  heating  the  residue  with  absolute  alcohol  a 
light-red  solution  was  obtained  which  contained  both  a  chlo- 
ride and  an  iodide.  The  solution  soon  became  much  darker 
in  color,  and  when  tested  with  hydrogen  sulphide  in  the  usual 
way,  gave  a  bright-yellow  precipitate,  showing,  consequently, 
the  presence  of  a  large  quantity  of  a  stannic  compound.  This 
was  perplexing.  On  concentrating  the  solution  almost  all  the 
alcohol  had  to  be  evaporated  before  solidification  of  the  dis- 
solved substance  took  place.  The  solid  mass  was  dark-yellow 
and  more  or  less  resinous.  It  was  transferred  to  a  distilling- 
flask  and  subjected  to  a  gradually  increasing  heat.  At  first 
some  highly-colored  alcohol  went  over  ;  then,  upon  applying 
the  naked  flame  directly  to  the  distilling-flask,  a  slightly-col- 
ored, fuming  liquid  followed,  and  soon  dry,  porous,  black 
lumps  were  seen  to  form  in  the  distilling-flask.  The  fuming 
liquid  was  tin  tetrachloride  and  the  black  mass  more  or  less 
pure  tin.  It  is  a  well-known  characteristic  of  stannous  chlo- 
ride to  break  up  into  stannic  chloride  and  tin. 

The  following  appeared  to  be  shown  by  the  experiments 
just  described  :  (i)  Stannic  iodide  was  present  in  considera- 
ble quantity  in  the  reaction- product,  (2)  stannous  chloride 
was  undoubtedly  proved  to  be  a  part  of  the  latter,  (3)  red 
phosphorus  (which  remained  after  the  residue  obtained  upon 
the  removal  of  the  stannic  iodide  was  treated  with  alcohol) 
was  one  of  the  products  of  the  reaction,  and  (4)  a  certain 
amount  of  hydrochloric  acid  and  phosphine  were  evolved. 
Guided  especially  by  the  quantity  of  gases  evolved,  the  follow- 
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ing  equation  appeared  to  represent  the  reaction  which  took 
place  : 
4SnCl,  +  4PH,I  =  SnI,  +  sSnCl,  -|-  loHCl  +  2PH3  +  P,. 

According  to  this  equation  a  loss  of  2.7  grams  of  hydrochloric 
acid  and  phosphine  would  correspond  to  4  grams  of  phos- 
phonium iodide  (with  its  equivalent  quantitj^  of  tin  tetrachlo- 
ride) while  in  the  three  tubes  described  above  there  were  lost 
respectively,  2.65  grams,  2.65  grams,  and  2.8  grams. 

As  was  discussed  above,  the  strange  thing  about  such  a  re- 
action would  be  that  stannic  iodide  should  remain  unreduced. 
In  order  to  clear  up  this  apparent  anomaly  another  series  of 
experiments  was  carried  through. 

Two  tubes  were  filled  as  before  with  6.5  grams  of  tin  tetra- 
chloride and  4  grams  of  phosphonium  iodide,  but  this  time  no 
small  tube  was  used  to  keep  the  two  substances  apart.  While 
filling  the  digestion-tube  in  this  case  it  was  kept  surrounded 
by  a  mixture  of  salt  and  ice,  for  we  had  found  that  at  the  tem- 
perature of  a  freezing-mixture  phosphonium  iodide  and  tin^ 
tetrachloride  do  not  act  upon  one  another  in  the  slightest. 
As  a  result  of  this  method  of  filling  the  tubes,  not  only  is  the 
reaction  considerably  accelerated  owing  to  the  mixing  of  the 
substances  directly,  but  the  direct  mixing  is  probably  neces- 
sary for  the  complete  reaction.  In  the  latter  period  of  the  di- 
gestion the  resulting  mass  is  very  compact,  and  thorough  mix- 
ing, as  well  as  free  communication  throughout  the  tube,  ap- 
pears to  be  a  great  advantage.  The  presence  of  a  small  tube 
inside  the  larger  is  certainly  an  impediment  in  this  case. 

But  even  with  the  freely  mixed  substances  the  reaction  was 
slow.  After  digesting  for  a  long  time,  during  which  the 
tubes  were  opened  from  time  to  time,  and  the  temperature 
raised  toward  the  end  to  from  160°  to  170°,  a  total  loss  of  2.95 
grams  and  3.05  grams,  respectively,  was  noted.  Having  kept 
the  tubes  for  a  couple  of  hours  at  160°  to  170°,  and  having  ob- 
served a  loss  of  only  o.i  gram  in  each  case,  the  reaction  was 
therefore  considered  as  completed. 

The  contents  of  one  tube  (loss  3.05  grams)  was  treated  re- 
peatedly with  carbon  disulphide  in  which  tin  tetraiodide  is 
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said  to  be  very  soluble,  but  on  concentrating  the  filtrate  very 
little  tin  tetraiodide  was  found.  It  occurred  to  us  that  it 
might  be  advisable  to  digest  the  phosphonium  iodide  and  tin 
tetrachloride  at  a  still  higher  temperature.  The  remaining 
tube  was  therefore  heated  for  some  hours  at  250°  to  260°,  upon 
which  an  additional  loss  of  0.2  gram  was  observed  (total  loss 
3.15  grams).  In  this  tube  scarcely  any  tin  tetraiodide  could 
be  detected,  after  repeated  digestion  with  benzene  under  the 
reflux  condenser.  Having  settled  the  question  as  to  the  ab- 
sence of  tin  tetraiodide,  it  remained  only  to  identify  the  stan- 
nous chloride  and  iodide.  The  presence  of  stannous  com- 
pounds was  demonstrated  by  tests  presently  to  be  described. 

The  residue,  after  treatment  with  benzene,  was  dried  and 
shaken  up  with  water,  from  which  the  air  was  removed  by 
boiling,  and  the  liquid  filtered.  The  first  part  of  the  filtrate, 
as  it  came  through,  appeared  to  be  clear,  but  soon  the  whole 
filtrate  became  turbid.  A  portion  of  the  filtrate  clarified  by  a 
couple  of  drops  of  hydrochloric  acid,  gave  the  characteristic 
dark-brown  precipitate  of  stannous  sulphide.  Another  por- 
tion of  the  filtrate,  acidified  with  hydrochloric  acid,  was  added 
to  a  solution  of  mercuric  chloride — a  cinnabar-red  precipitate 
was  formed  which,  upon  further  addition  of  the  filtrate  and 
warming,  turned  into  metallic  mercury.  An  ammoniacal 
solution  of  silver  nitrate  was  also  reduced  by  the  filtrate. 

In  order  to  demonstrate  that  both  iodine  and  chlorine  were 
present  in  the  filtrate  a  portion  of  the  latter,  acidified  with 
tartaric  acid,  was  treated  with  hydrogen  sulphide,  the  dark- 
brown  precipitate  filtered  off,  and  the  filtrate  heated  to  drive 
ojQP  the  hydrogen  sulphide.  On  addition  of  silver  nitrate  to 
this  filtrate  a  light-yellow  precipitate  was  formed  which  only 
partly  redissolved  in  ammonia.  On  filtering  off  the  precipi- 
tate and  neutralizing  the  filtrate  with  nitric  acid,  a  white  pre- 
cipitate of  silver  chloride  separated. 

It  appears  from  the  above  tests  that  the  presence  of  stan- 
nous chloride  and  stannous  iodide  in  the  reaction-product  is 
unmistakably  proved. 

If  in  the  products  of  the  reaction  between  tin  tetrachloride 
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and  phosphoniutn  iodide  stannic  iodide  is  absent,  then  tbe  re- 
action has  to  be  represented  by  the  following  equation  : 

6SnCl,  +  6PH,I  =  3SnCl,  +  3SnI,  -f  18HCI  +  2PH,  +  4P. 

Strongly  corroborative  of  this  equation  is  the  consideration  of 
the  amount  of  gases  set  free  in  the  reaction.  In  the  tubes 
which  were  digested  under  the  most  favorable  circumstances 
the  loss  of  the  escaping  gases  was  respectively  3.05  and  3.15 
grams.  According  to  this  last  equation  the  loss  should  be  3.3 
grams. 

The  study  of  the  reaction  between  phosphonium  iodide  and 
tin  tetrachloride  shows  that  the  former  is  just  as  effective  in 
reducing  the  latter  as  it  was  in  reducing  antimonic  chloride. 

The  study  seems,  moreover,  to  afford  some  insight  into  the 
successive  steps  by  which  the  final  reduction  of  tin  tetrachlo- 
ride is  gradually  accomplished.  The  formation  of  stannous 
iodide  results,  at  least  in  part,  from  the  reduction  of  the  stan- 
nic iodide  previously  formed. 

The  action  of  phosphoretted  hydrogen  upon  stannic  chlo- 
ride was  studied  by  H.  Rose^  and  R.  Mahn.^  According  to 
the  former,  tin  tetrachloride  absorbs  hydrogen  phosphide  and 
gives  a  yellow  solid,  which  fumes  in  the  air.  Mahn,  by  dis- 
tilling this  addition-product  in  a  current  of  carbon  dioxide, 
got  rid  of  the  unchanged  tin  tetrachloride,  to  which  the  fum- 
ing was  due,  and  obtained  a  non-fuming,  dark  powder.  A 
series  of  discordant  analyses  of  this  powder  led  him  to  the 
formula  SujClgP,. 
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CERTAIN  SUBSTITUTION  DERIVATIVES  OF  ETHYI. 
ANII.INOMAI.ONATE. 

By  Richard  Sydney  Curtiss. 

In  two  previous  papers' I  described  a  compound  produced 
by  the  action  of  nitrous  acid  on  ethyl  anilinomalonate, 

CeH,NH.CH(COAHs),. 

iPogg.  Ann.,  34,  159. 

2  Jenaische  Ztschr.  f.  Medicin  u.  Naturwiss.,  5,  158. 

3  This  Journal,  23,  509 ;  a8,  315- 
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Sodium  and  potassium  hydroxides  react  with  this  compound 
to  form  well-defined  salts.  It  gives  L,iebermann's  nitroso  re- 
action (contrary  to  a  former  erroneous  statement)/  while  its 
alcoholic  solution  reacts  but  slowly  with  ferric  chloride,  pro- 
ducing a  dull-red  color.  The  substance  is  either  ethyl 
phenyloxydiazomalonate^  (I.)  or  ethyl  nitrosoanilinomalonate 
(II. ) ,  or  perhaps  a  mixture  of  the  two  tautomeric  compounds  : 

yCOOC.Hj 


\— Nv        /COOC.H.        /  \— N— C. 

I    >C<  I      H  \C00C,H, 

I     N^      ^COOC.Hg  NO 

\/  OH  \/ 

I.  II. 

As  the  substance  decomposes  easily  when  brought  into  con- 
tact with  reagents,  and  gives  nitrogen  and  its  oxides,  the  cor- 
responding ortho-,  raeta-,  and  para-substituted  methyl  deriva- 
tives have  been  made,  with  the  idea  that  some  of  these  might 
have  a  greater  stability  of  the  nitrogen  chain,  thereby  ren- 
dering more  easy  the  study  of  their  structure  as  acids,  or 
pseudo-acids. 

In  order  to  prepare  these  compounds  it  was  first  necessary 
to  make  the  ortho-,  meta-,  and  paratoluidinomalonates. 
These  were  formed  from  ethyl  bromraalonate  (b.  p.  120°  to 
125°  under  14  mm.  pressure)  and  Kahlbaum's  pure  toluidines, 
by  the  general  method  already  giveu^  for  making  ethyl  anilino- 
malonate. 

The  ethyl  ortho-,  meta-,  and  paratoluidinomalonates  are 
weak  bases.  Their  salts  with  the  strong  mineral  acids  are 
decomposed  by  water,  the  base  usually  separating  in  the  form 
of  an  oil.  When  treated  with  nitrous  acid  they  yield  thick, 
amber-colored  oils.  When  treated  with  sodium  or  potassium 
hydroxides  these  amber  oils  give  yellow  solutions,  or  stable, 
yellow,  crystalline  salts.  They  also  give  Liebermann's 
nitrosamine  test,  and  react  slowly  with  ferric  chloride  solu- 
tion, forming  deep-red  colors. 

1  This  Journal,  33,  510. 

2  Jbid.y  28,  315.    IncorrecUy  printed  as  ethyl  a-phenyloxydiazomalonate. 
*  Ibid.,  19,  693. 
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In  describing  the  compounds  formed  by  the  action  of  nitrous 
acids  on  these  bases,  they  will,  for  convenience,  be  spoken  of 
at  present  as  nitrosamines.  Their  possible  tautomeric 
structure,  as  substituted  ethyl  phenyloxydiazomalonates  (I.) 
will  be  considered  in  a  later  paper  on  this  subject. 

EXPERIMENTAL  PART. 

NH.CHCCOAHJ, 

CH3 
Ethyl   Orthotolutdinomalonaie, 


To  prepare  this  substance  50  grams  of  ethyl  brommalonate  (i 
molecule)  are  mixed  with  60  grams  of  orthotoluidine  (af 
molecules).  If  the  mixture  is  allowed  to  stand  several  days 
it  gradually  darkens  and  a  crystalline  mass  separates.  It  is 
better,  however,  to  heat  it  on  the  water-bath  at  100°.  This 
causes  the  clear  liquid  to  darken  and  the  separation  of  ortho- 
toluidine hydrobromide  begins  in  a  few  minutes.  The  reac- 
tion is  complete  in  one  or  two  hours. 

The  crystal  mass  is  filtered  and  washed  with  ether,  with 
the  aid  of  a  pump.  The  magenta-colored  filtrate  is  then 
washed  with  a  slight  excess  of  dilute  hydrochloric  acid,  to  re- 
move the  unchanged  base,  as  well  as  the  colored  impurities. 
The  ethereal  solution,  when  dried  over  calcium  chloride  and 
the  ether  distilled  off,  leaves  a  clear,  reddish-yellow  oil  (the 
yield  is  92  per  cent  of  the  theory).  This  product  was  freed 
from  ethyl  brommalonate  and  other  impurities,  by  treatment 
with  hydrochloric  acid  gas,  as  described  below.  This  forms 
a  salt  with  the  base.  To  regenerate  the  base  from  the  puri- 
fied hydrochloride  it  is  only  necessary  to  shake  the  latter  with 
water  and  ether.  The  ethereal  solution  is  then  thoroughly 
washed  with  water  to  neutral  reaction  and  dried  over  cal- 
cium chloride.  When  the  ether  is  distilled  off  in  a  vacuum  a 
nearly  colorless  oil  is  left  which  slowly  reddens  on  standing 
several  days  in  the  light.  The  base  thus  purified  and  dried 
over  sulphuric  acid  was  used  in  the  following  analysis  : 
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0.2630  gram  substance  gave  0.6094  gram  CO3  and  0.1726 
gram  H^O. 

0.2743  gram  substance  gave  12.9  cc.  N  at  14°  and  750.3  mm. 


Calculated  for 

CH3.C6H4.NH.CH(CO«C2Hs)2. 

Found. 

c 

6333 

63.16 

H 

7.22 

7-34 

N 

5-30 

5-51 

It  is  easily  soluble  in  benzene,  acetone,  chloroform,  ether, 
alcohol,  and  ligroin.  It  slowly  reduces  an  ammoniacal  silver 
nitrate  solution,  forming  a  bright  mirror,  and  an  alkaline 
solution  of  potassium  permanganate  is  instantly  decolorized.  It 
dissolves  in  concentrated  hydrochloric  and  sulphuric  acids, 
and  is  reprecipitated  from  these  solutions  by  adding  an  equal 
volume  of  water.  Concentrated  nitric  acid  forms  with  it,  on 
standing,  a  yellow,  crystalline  product,  soluble  in  ether  and 
insoluble  in  water.  "When  the  oil  is  heated  to  the  point  of 
distillation,  decomposition  is  effected,  gases  are  evolved,  and 
on  cooling  a  light-green,  crystalline  compound  appears,  which 
melts  at  about  140°,  and  is  soluble  in  a  solution  of  sodium  hy- 
droxide.    This  change  will  be  further  studied. 

Ethyl  Orthotoluidinomalonate  Hydrochloride. — A  solution  is 
made  of  the  above-mentioned  base,  in  an  equal  volume  of 
ether,  and  dry  hydrochloric  acid  gas  is  passed  into  it  until  the 
reaction  is  complete.  The  resulting  dark-red  solution  may  be 
quickly  changed  to  a  crystalline  mass  by  rubbing  with  a  glass 
rod.  Inasmuch  as  this  salt,  even  when  pure,  fumes  in  the 
open  air,  and  is  rapidly  decomposed  by  moisture,  it  is  best 
purified  when  washed  with  dry  toluene  by  decantation,  rather 
than  on  the  filter. 

The  salt,  when  dried  in  a  vacuum  over  sulphuric  acid,  was 
analyzed. 

0.3018  gram  substance  gave  0.1440  gram  AgCl. 

Calculated  for 
CHs.C8H4.NH(HCl).CH(C02C2H6)2-  Found. 

CI  11.76  11.80 

Prepared  as  above,  it  is  a  white,  or  pink-white,  crystalline 
substance,  which  melts  at  87°  to  90°.     It  may  be  kept  in  the 
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dark  over  sulphuric  acid  for  months,  but  when  exposed  to  light 
it  quickly  turns  to  a  magenta  color.  It  dissolves  readily  in 
acetone  and  chloroform,  is  fairly  soluble  in  alcohol,  and 
slightly  so  in  ether,  toluene,  benzene,  and  carbon  tetrachlo- 
ride, and  is  easily  decomposed  by  water  into  hydrochloric  acid 
and  the  original  base,  as  stated  above. 

Ethyl  Nitrosoorthotoluidinomalonate . — This  substance  may 
be  made  either  from  the  free  base  in  acid  solution,  or  from  the 
hydrochloride  itself,  prepared  as  above. 

Forty  and  one-tenth  grams  of  the  hydrochloride  are  mixed 
with  50  cc.  of  water,  which  liberates  the  base  as  an  oil.  To 
this  9.5  grams  of  pure  sodium  nitrite  (0.3  gram  excess)  dis- 
solved in  25  cc.  of  water,  are  slowly  added.  The  mixture  is 
constantly  shaken  in  a  well-stoppered  bottle  and  kept  below  1 5°. 
The  absorption  of  nitrous  acid  is  complete  and  the  operation 
is  finished  in  twenty  minutes.  After  the  bottle  containing  the 
oily  emulsion  has  stood  in  cold  water  three-quarters  of  an 
hour,  the  mixture  is  extracted  with  ether.  The  latter  is 
washed  thoroughly,  first  with  cold  water,  then  with  a  little, 
sodium  carbonate  solution,  and  lastly,  many  times  with  cold 
water.  This  golden-yellow  ethereal  solution,  dried  over  calcium 
chloride  and  evaporated  in  a  vacuum,  leaves  37.5  grams  of 
an  oil.  This  could  neither  be  crystallized  nor  distilled.  The 
substance  yields  well-defined  alkali  salts, ^  and  for  its  purifica- 
tion it  was  regenerated  from  one  of  these. 

Regeneration  of  Ethyl  Nitrosoorthotoluidinomalonate  front  its 
Sodium  Salt. — Five  grams  of  the  pure,  finely-powdered  salt 
are  partly  dissolved  in  25  cc.  of  cold  water,  and  to  this  25  cc. 
of  ether  are  added.  A  rapid  stream  of  carbon  dioxide  is 
passed  through  the  liquids,  which  are  kept  cold  by  immersing 
the  flask  in  ice-water.  The  yellow  color  of  the  aqueous  solu- 
tion gradually  passes  into  the  colorless  ether  as  the  decompo- 
sition goes  on.  In  twenty  to  thirty  minutes,  when  the  water 
has  become  colorless,  which  fact  indicates  the  end  of  the  re- 
action, the  ether  is  separated  and  washed  with  cold  water  to 
neutral    reaction.     It   is   then    dried   over   calcium  chloride. 

1  The  preparation  and  properties  of  these  alkali  salts  will  be  described  in  a  later 
paper. 
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While  evaporating  the  ether  off  in  a  vacuum-desiccator,  light- 
colored  crystals  formed  in  small  quantity  on  the  sides  of  the 
cold  dish.  These  soon  melted  at  the  temperature  of  the  room, 
and  could  not  be  obtained  again  even  when  the  oil  stood  for  a 
long  time  at  a  very  low  temperature.  The  above  product  is  a 
clear  oil  of  a  slight  reddish  tint,  has  the  consistency  of  honey, 
is  nearly  odorless,  and  could  not  be  crystallized.  It  under- 
goes no  change  on  being  kept  in  a  desiccator,  over  sulphuric 
acid,  for  six  weeks.  The  yield  is  3.8  grams.  It  was  dried 
over  sulphuric  acid  for  five  or  six  days  and  analyzed. 

0.3023  gram  substance  gave  0.6299  gram  CO2  and  0.1697 
gram  H^O. 

0.2061  gram  substance  gave  17.2  cc.  N  at  15°  and  754.5  mm. 
pressure. 


Calculated  for 

CH,.C6H4.N.(NO).CH.(COsC2H6)2. 

Found. 

c 

57.08 

56.79 

H 

6.17 

6.28 

N 

9.55 

9.80 

The  substance  thus  purified  gives  the  I^iebermann  nitroso 
reaction.  Its  alcoholic  solution  is  changed  by  ferric  chloride 
to  a  dull-red  color,  which  does  not  appear  immediately,  how- 
ever, but  becomes  faintly  apparent  only  after  three  or  four 
seconds  have  elapsed,  and  then  darkens  slowly.  It  dissolves 
easily  in  chloroform,  carbon  tetrachloride,  benzene,  acetone, 
and  ethyl  acetate,  is  fairly  soluble  in  alcohol  and  ether,  and 
slightly  so  in  ligroin.  It  is  insoluble  in  cold  water,  but  dis- 
solves sparingly  in  hot.  A  solution  of  sodium  carbonate  dis- 
solves it  slightly  and  assumes  a  yellow  color.  Concentrated 
solutions  of  sodium  and  potassium  hydroxides  form  imme- 
diate precipitates  of  well-crystallized  salts,  from  which  the 
original  oil  may  be  regenerated  by  mineral  acids,  or  even  by 
carbonic  acid,  as  described  above. 

Ethyl  Metatoluidinomalonate . — Twenty-four  grams  of  ethyl 
brommalonate  were  mixed  with  21.4  grams  of  metatoluidine 
(about  3  molecules).  After  standing  at  ordinary  tempera- 
tures for  two  hours,  crystals  of  toluidine  hydrobromide  begin  to 
separate.     The  reaction  is  hastened  by  heating  the  mixture 
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from  forty  to  sixty  minutes  at  100°,  on  the  water-bath.  This 
completes  the  reaction,  and  causes  the  crystalline  mass  to  turn 
green  if  longer  continued.  After  cooling,  the  dissolved  hydro- 
chloride is  precipitated  from  the  thick,  dark  liquid  by  the  ad- 
dition of  three  or  four  volumes  of  ether,  and  is  then  filtered  off 
on  the  pump.     The  yield  is  85  to  95  per  cent  of  the  theory. 

The  red,  ethereal  solution  is  then  worked  up  as  described 
above,  in  the  preparation  of  ethyl  orthotoluidinomalonate. 
When  it  is  brought  to  that  stage  of  the  process,  where  the 
ether  is  evaporated,  the  new  compound  slowly  crystallizes  out* 
as  a  dark  mass  of  rosettes  of  prismatic  needles.  This  is  then 
freed  from  the  oily  mother-liquor  by  suction  with  a  filter- 
pump,  and  washed  thoroughly  with  ligroin.  The  product  is 
21  grams  of  lavender- white  crystals.  This  is  purified  for 
analysis  by  recrystallization  from  ligroin  or  absolute  alcohol. 
Thus  prepared,  it  forms  colorless  needles.  It  melts  at  50°. 5 
to  51°,  forming  a  clear  liquid  which  does  not  change  when 
heated  to  200°.  From  220"  to  250°  gases  are  given  off,  and, 
after  cooling,  a  new  crystalline  mass  appears.  This  product 
will  also  be  further  studied. 

The  analysis  of  the  pure  base  (m.  p.  50°. 5  to  51°)  follows  : 

0.2070  gram  substance  gave  0.4819  gram  COjando.issi 
gram  H^O. 

0.3206  gram  substance  gave  15.2  cc.  N  at  16°. 5  and  732.1 
mm. 

Calculated  for 
CH3.C6H4.NH.CH(C02C2H6)2.  Found. 

C  63.33  63.45 

H  7.22  7.19 

N  5-30  5-37 

The  substance  dissolves  easily  in  ether,  chloroform,  acetone, 
toluene,  and  benzene,  is  slightly  soluble  in  alcohol,  dissolves 
very  easily  in  hot  ligroin,  but  is  nearly  insoluble  in  the  cold  sol- 
vent. Concentrated  hydrochloric  acid  dissolves  it,  but  it  is  re- 
precipitated  as  an  oil  on  the  addition  of  much  water  to  this 
solution.  It  rapidly  reduces  an  alkaline  solution  of  potassium 
permanganate.  Ammoniacal  silver  nitrate  is  reduced  slowly, 
forming  a  dark  deposit  of  silver. 
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Ethyl  Metatoluidinomalonatc  Hydrochloride. — When  dry  hy- 
drochloric acid  gas  is  passed,  to  saturation,  through  au 
ethereal  solution  of  ethyl  metatoluidinomalonate,  and  the  ether 
and  excess  of  acid  are  evaporated  over  sulphuric  acid,  a 
thick,  colorless  oil  is  left.  By  rubbing  this  with  a  little 
ligroin,  at  a  low  temperature,  the  oil  is  with  difl&culty  made  to 
crystallize.  After  a  crystal  has  been  once  obtained,  however, 
and  a  minute  particle  is  thrown  into  the  oil,  it  solidifies 
quickly.  This  crystalline  mass  was  washed  entirely  by  de- 
cantation,  first  with  dry  ligroin,  then  with  ligroin-benzene, 
and  allowed  to  stand  in  a  vacuum  over  sulphuric  acid  for  two 
or  three  weeks.     It  was  then  analyzed  : 

0.4040  gram  salt  gave  0.1871  gram  AgCl. 

Calculated  for 
CH3.C6H4.NH(HC1).CH(C02C2H5)2.  Found. 

CI  11.76  11-45 

The  salt  crystallizes  from  its  solutions  in  alcohol  or  ether  in 
beautiful  rosettes  of  white,  silky  needles.  It  is  easily  soluble 
in  chloroform,  benzene,  acetone,  ethyl  acetate,  and  alcohol ; 
fairly  so  in  ether  and  toluene  ;  slightl)^  so  in  carbon  tetrachlo- 
ride and  ligroin.  It  melts  at  80°  to  83°,  forming  a  clear 
liquid. 

Ethyl  Nitrosometatoluidinomalonate . — This  substance  can 
best  be  prepared  according  to  the  following  method  :  13.3 
grams  of  the  pure  crystals  of  ethyl  metatoluidinomalonate  are 
finely  pulverized  and  mixed  with  2.5  grams  (o.i  gram  ex- 
cess) of  real  sulphuric  acid  in  27  cc.  of  water.  To  this  3.9 
grams  (0.4  gram  excess)  of  pure  sodium  nitrite,  in  40  cc.  of 
water,  are  slowly  added  with  constant  shaking.  The  tempera- 
ture of  the  mixture  should  be  kept  below  15°.  The  reaction 
begins  immediately.  The  white  powder  in  suspension  in  the 
water  at  first  turns  yellow,  then  soon  becomes  packed  into  an 
oily  ball.  To  increase  the  surface  exposed  to  action  a  little 
ether  is  added  which  dissolves  both  the  amine  and  its  reaction- 
product.  The  agitation  of  the  mixture  is  continued  for  ten  to 
fifteen  minutes  after  the  addition  of  the  nitrite  is  complete. 
The  ether  is  then  separated  from  the  yellow  aqueous  solution 
and  washed  once  with  water,  then  with  a  solution  of  sodium 
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carbonate  to  alkaline  reaction,  and  finally  very  thoroughly  with 
cold  water.  This  ethereal  solution,  after  being  dried  over 
calcium  chloride,  is  evaporated  down  on  the  water-bath,  the 
last  portions  of  ether  being  removed  in  a  vacuum-desiccator 
over  sulphuric  acid.  During  this  process  crystals  separate  out. 
The  dry  crystalline  mass  is  washed  with  ether  with  the  aid  of  a 
filter-pump.  The  filtrate  is  colored  a  deep  strawberry-red, 
while  the  crystals  themselves  have  a  faint  reddish-yellow 
color.     The  yield  was  9.1  grams. 

From  the  mother-liquor  and  washings,  3.4  grams  more  of 
deep-red  crystals  were  obtained.  The  total  yield  was  nearly 
quantitative.  The  substance  is  best  purified  by  recrystalliza- 
tion  from  hot  ligroin  (b.  p.  60°  to  80°).  On  cooling  a  hot 
saturated  solution  it  separates,  at  first,  as  an  oil.  However, 
by  slow  and  careful  cooling,  while  rubbing  with  a  glass  rod, 
it  can  be  made  to  separate  in  a  pure  crystalline  form.  This 
product,  filtered  and  well  washed  with  cold  ligroin,  dried  in  a 
vacuum  over  sulphuric  acid,  and  analyzed,  gave  the  follow- 
ing figures  : 

0.2229  gram  substance  gave  0.4652  gram  COjj  and  0.1244 
gram  Hj,0. 

0.1986  gram  substance  gave  16.4  cc.  N  at  i9''.2  and  755.4 
mm. 

Calculated  for 
CH3.C6H4.N.(N0).CH(C02C2H6)3.  Found. 

C  57-08  56.89 

H  6.17  6.24 

N  9-55  9-56 

Thus  purified  the  substance  consists  of  beautiful,  trans- 
parent, pinkish-amber  prisms^  (apparently  monoclinic),  which 
melt  at  58°  to  58^.5,  forming  a  clear  liquid.  If  the  heating  be 
continued  above  its  melting-point,  gases  are  evolved  from  125° 
to  200°.  At  220°  the  color  darkens.  If  cooled  at  this  point  a 
crystalline  body  is  obtained,  which  melts  at  126"  to  127°. 
This  new  substance  is  fairly  soluble  in  alcohol  and  in  ether 
and  does  not  give  the  nitrosamine  test  of  Liebermann. 

1  The  pink  color  is  no  doubt  due  to  very  slight  traces  of  a  decomposition-product 
which  cannot  be  completely  removed  by  repeated  recrystallization,  inasmuch  as  at- 
tempts to  decolorize  it,  by  boiling  its  alcoholic  solution  with  pure  bone-black,  re- 
sulted in  the  formation  of  larger  quantities  of  this  brilliant  orange-red  impurity. 
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Ethyl  nitrosometatoluidinomalonate  becomes  highly  elec- 
trified on  rubbing  with  a  glass  rod.  It  dissolves  readily  in 
benzene,  toluene,  xylene,  ethyl  acetate,  acetone,  and  glacial 
acetic  acid  ;  is  fairly  soluble  in  ether  and  alcohol ;  only 
slightly  so  in  cold  ligroin,  but  dissolves  easily  when  the 
ligroin  is  hot.  Cold  solutions  of  sodium  carbonate  and  sodium 
hydroxide  act  slowly  on  the  body,  as  it  is  insoluble  in  water. 
If,  however,  these  solutions  are  warmed  to  the  melting-point 
of  the  crystals  it  dissolves  fairly  well.  On  neutralizing  the 
resulting  yellow  solutions  with  dilute  hydrochloric  acid  the 
nitrosamine  is  regenerated  and  appears  as  a  white,  oily  emul- 
sion. 

The  crystalline  body  gives  Liebermann's  nitrosamine  test. 
Ferric  chloride  added  to  a  dilute  alcoholic  solution  of  the 
crystals,  turns  it,  at  first,  straw-yellow,  then,  after  a  few  sec- 
onds, it  begins  to  redden  and  gradually  assumes  a  dark, 
brownish-red  color  in  thirty  to  sixty  seconds. 

Ethyl  Paratoluidinomalonate; — This  compound  has  already 
been  described  briefly  by  Blank, ^  and  has  the  solubilities 
ascribed  to  it  by  him.  I  have  made  it  in  large  quantities  by 
the  general  method  described  above  in  making  the  analogous 
bases,  and  note  here  the  following  additional  properties. 

It  is  a  weak  base  like  the  ortho-  and  meta-isomers.  It  dis- 
solves in  concentrated  hydrochloric  and  sulphuric  acids  and  is 
reprecipitated,  by  addition  of  water,  as  an  oil  which  soon  crys- 
tallizes. Cold  nitric  acid,  acting  on  it,  appears  to  form  a  yel- 
low compound  soluble  in  ether. 

Its  alcoholic  solution  slowly  reduces  a  hot,  ammoniacal,  sil- 
ver nitrate  solution  to  metallic  silver,  and  an  alkaline  solution 
of  potassium  permanganate  is  instantly  decolorized  by  it. 

The  behavior  of  these  substituted  ethyl  anilinomalonates 
with  weak  oxidizing  agents  is  of  interest,  inasmuch  as  it  has 
been  shown^  that  ethylanilinomalonate  itself,  simply  by  being 
oxidized  with  mercuric  oxide  or  potassium  permanganate,  in 
ligroin  solution,  undergoes  a  peculiar  reaction,  by  which  it  is 
changed  to  ethyl  dianilinomalonate.  r- 

1  Ber.  d.  chem.  Ges.,  31,  1815. 
'  Curtiss  :  This  Journal,  19,  694. 
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c,h,nh.ch/  ^  >C< 

(i)(2)\COAH5  C,H,NH/     VOAH, 

It  is  of  interest  to  note,  however,  that  recent  experiments 
have  shown  that  no  such  transformation  results  if  a  little  cal- 
cium chloride  powder  is  added  to  the  ligroin  solution  to  hold 
the  water  which  may  be  formed  by  the  oxidation  of  the  two 
very  reactive  hydrogen  atoms  (i  and  2). 

Ethyl  Nitrosoparatoluidinomalonate . — To  make  this  com- 
pound, 4.7  grams  of  finely  powdered  ethyl  paratoluidino- 
malonate  are  dissolved  in  a  little  ether  and  mixed  with  0.95 
gram  of  sulphuric  acid  in  20  cc.  of  water.  To  this,  in  a  well- 
stoppered  bottle,  is  slowly  added  a  solution  of  1.3  grams  of 
pure  sodium  nitrite  in  20  cc.  of  water.  The  reaction  proceeds 
under  the  same  general  conditions  as  already  described  in 
similar  cases,  and  is  complete  in  thirty  to  forty  minutes. 
After  washing  the  ethereal  solution  well  with  a  solution  of 
sodium  carbonate,  and  with  water,  drying  it  over  calcium  chlo- 
ride, and  removing  the  ether  in  a  vacuum,  a  clear  amber  oil 
remains. 

It  is  purified  by  regenerating  it  from  its  pure  sodium  salt 
by  means  of  carbon  dioxide,  as  described  above  in  the  purifi- 
cation of  ethyl  nitrosoorthotoluidinomalonate.  It  was  pre- 
pared in  this  way,  dried  over  sulphuric  acid,  and  analyzed  : 

0.2986  gram  substance  gave  0.6230  gram  CO^  and  0.1645 
gram  H,0. 

0.2719  gram  substance  gave  22.2  cc.  of  N  at  15°  and  746 
mm. 


Calculated  for 
CH3.C(H4.N.(N0).CH(C02C2H5)s. 

Pound. 

c 

H 

57.08 
6.17 

56.87 
6.16 

N 

9-55 

9.48 

The  substance  is  a  clear,  greenish-yellow  oil  of  honey-like 
consistency,  which  gradually  turns  slightly  red  while  stand- 
ing two  or  three  weeks  in  the  desiccator  over  sulphuric  acid. 
It  could  be  obtained  in  the  crystal  form  only  with  the  greatest 
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difl&culty.  On  allowing  a  bit  of  the  oil,  in  a  little  ligroin,  to 
stand  for  a  long  time  at  — 15°,  with  occasional  rubbing  with  a 
glass  rod,  a  few  minute  crystals  were  obtained.  When  one  of 
these  was  placed  in  the  main  lot  of  oil  and  left  for  twenty-four 
hours  at  — 15°,  the  latter  slowly  and  only  partially  crystallized 
in  short,  monoclinic  prisms.  These  were  mostly  lost  in  at- 
tempting to  wash  them  free  of  the  oily  mother- liquor,  as  they 
are  very  soluble  in  all  of  the  ordinary  organic  solvents.  The 
few  crystals  remaining  gradually  liquefied  with  slight  decom- 
position on  standing  ten  days  in  the  desiccator.  The  oil, 
as  soon  as  obtained  from  its  sodium  salt,  gives  the  L,ieber- 
mann  nitroso  reaction.  A  ferric  chloride  solution  act- 
ing on  its  alcoholic  solution  produces  no  immediate  color,  but 
after  two  or  three  seconds  a  faint  red  color  appears,  which 
gradually  grows  darker  for  twenty  or  thirty  seconds.  It  is 
soluble  in  solutions  of  sodium  and  potassium  hydroxide,  and  if 
the  latter  are  concentrated,  crystalline  yellow  salts  are  imme- 
diately precipitated. 

The  oil  dissolves  easily  in  ligroin,  benzene,  toluene,  ether, 
chloroform,  alcohol,  and  ethyl  acetate,  and  is  fairly  soluble  in 
carbon  tetrachloride.     It  is  insoluble  in  cold  water. 

The  study  of  these  compounds  will  be  continued,  and  with 
special  reference  to  the  salt-forming  properties  and  general 
behavior  as  acids,  or  pseudo  acids,  of  those  described  here  un- 
der the  name  of  nitrosamines. 

In  closing  I  wish  to  express  my  thanks  to  Mr.  Thomas  G. 
Delbridge,  instructor  in  this  laboratory,  to  whom  I  am  in- 
debted for  the  above  series  of  carefully  conducted  combus- 
tions. 

Union  College,  Schenectady,  N.  Y., 
March  16,  1903. 
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CVI.— ON  THE  DOUBI.E   AND  TRIPLE  THIOCYAN- 
ATES  OF  CAESIUM,  CADMIUM,  AND  SILVER. 

By  H.  L.  Wells. 

The  compounds  to  be  described  are  as  follows  : 
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Double  Salts. 
CsCd(SCN),; 
Cs,Cd(SCN),.2H,0; 
CdAg,(SCN),.2H,0. 

Triple  Salts. 
Cs,CdAg,(SCN)g.2H,0  ; 
Cs,CdAg,(SCN),; 
Cs,CdAg,(SCN)3.2H,0; 
Cs,Cd3Ag,„(SCN),„.6H,0. 
To  make  a  complete  list  of  the  compounds  formed  by  the 
three  simple  salts  under  consideration,  the  following  caesium- 
silver   thiocyanates   which   have  been  described  previously* 
should  be  mentioned  : 

Cs,Ag(SCN),; 
Cs,Ag(SCN),; 
and  CsAg(SCN),. 

The  compound  CsCd(SCN)3  corresponds  to  CsHg(SCN)3, 
as  might  be  expected  from  the  somewhat  close  relation  of 
cadmium  and  mercuric  compounds  in  general,  but  it  is  notice- 
able that  there  is  no  caesium-cadmium  thiocyanate  analogous 
to  Cs,Hg(SCN),.H,0  or  Cs,Zn(SCN),.2H,0,  the  latter  being 
the  only  caesium-zinc  salt  which  could  be  prepared. 

The  salt  Cs,Cd(SCN),.2H,0  is  rather  remarkable  from  the 
fact  that  there  is  no  mercuric  or  zinc  double  thiocyanate  cor- 
responding to  it.     It  agrees,   however,  with  Cs^Mn(SCN)5, 
except  that  it  contains  water.     These  4  :  i  thiocyanates  (leav- 
ing water  out  of  consideration)  belong  to  a  type  which  is  well- 
known  among  the  double  halides,  as  is  shown  by  the  follow- 
ing list,  in  which  the  cadmium  salts  are  prominent : 
(NHJ.ZnCle 
(NHJ.CdCl, 
(NHJ.CdBr, 
K.CdClj 
K.CdBr^ 
Cs,PbCl« 
Cs.PbBr, 

(NHJ,SnCl,.3H,0 
K,SnCl,.3H,0. 

»  Thii  Journal,  a8,  263. 
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The  salt  CdAg,(SCN),.H,0  differs  from  ZnAg,(SCN),  in 
containing  a  molecule  of  water  of  crystallization. 

The  triple  salts  CsjCdAg^CSCN)^  and  Cs,CdAg/SCN)g. 
2H3O  might  be  regarded  as  possibly  derived  from  the  double 
salt  Cs,Cd(SCN)g.2HjO,  but  it  must  be  borne  in  mind  that 
there  is  no  apparent  connection  between  most  of  the  other 
types  of  triple  thiocyanates^  and  the  known  double  salts. 
The  hydrous  triple  salt  just  mentioned  belongs  to  the  most 
extensive  series  of  triple  thiocyanates  which  has  as  yet  been 
prepared.     A  list  of  them  follows  : 

Cs,CaAg,(SCN),.2H,0  ; 
Cs,MgAg,(SCN),.2H,0; 
Cs,MnAg,(SCN),.2H,0; 
Cs,NiAg,(SCN),.2H,0; 
Cs,NiCu,(SCN),.2H,0; 
Cs,CoAg/SCN),.2H,0; 
and  Cs,CdAg,(SCN),.2H,0. 

The  anhydrous  triple  salt  CSjCdAgjCSCN)^,  which  is  much 
more  readily  formed  than  the  corresponding  hydrous  com- 
pound, is  interesting,  since  it  shows  that  water  of  crystalliza- 
tion is  not  essential  to  this  general  type  of  triple  salts.  It  is 
evident,  therefore,  that  water  may  be  left  out  of  consideration, 
in  this  case  at  least,  in  comparing  the  different  types  of  these 
salts.  This  argument  strengthens  the  view  advanced  in  the 
previous  communication,'  that  water  does  not  appear  to  re- 
place other  constituents  in  passing  from  one  type  to  another 
of  triple  thiocyanates. 

The  triple  salts 

Cs,CdAg,(SCN)8.2H,0     and     Cs,Cd3Agi„(SCN),„.6H,0 

represent  new  types.  These  two  salts  are  not  far  apart  in 
chemical  composition,  but  they  show  distinct  crystalline 
forms,  as  far  as  one  habit  of  the  first  salt  is  concerned,  but 
this  has  another  habit  of  crystallization  which  closely 
resembles  the  second  salt.  A  careful  consideration  of  the 
analyses  shows  that  the  second  salt,  which  is  formed  in  the 

1  This  Journal,  38,  245. 

a  /bid.,  a8,  254- 
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presence  of  an  excess  of  cadmium  thiocyanate,  does  not  differ 
from  the  first  salt  simply  in  containing  more  cadmium  thio- 
cyanate, for  the  ratios  of  Ag  to  SCN  are  ver)'^  close  to  i  :  2  in 
both  products,  a  condition  which  would  be  modified  by  sim- 
ply varying  cadmium  thiocyanate.  It  seems  possible,  per- 
haps, that  the  salt  with  the  complicated  formula  may  be  due 
to  the  crystallization  of  the  first  salt,  CSjCdAg,(SCN)g.2H20, 
with  an  undiscovered,  isomorphous  salt,  CsCdAg3(SCN),. 
2HjO.  It  will  be  seen  in  the  experimental  part  that  a  slight 
indication  of  the  existence  of  the  latter  compound  has  been 
obtained.     If  it  does  exist,  it  is  also  a  new  type. 

The  entire  lack  of  agreement  between  the  triple  thio- 
cyanates of  cadmium  and  those  of  zinc  is  very  remarkable  in 
view  of  the  resemblance  of  many  compounds  of  these  two 
metals.  This  unexpected  lack  of  correspondence  appears  to 
be  in  harmony  with  the  disagreement  of  the  double  thio- 
cyanates which  has  already  been  pointed  out.  For  the  sake 
of  comparison,  the  formulas  of  the  triple  salts  containing  zinc 
and  cadmium  are  here  placed  side  by  side  : 

CsZnAg(SCN),.H,0; 
Cs.ZnAgCSCN)^; 

Cs,CdAg,(SCNX; 

Cs,CdAg,(SCN)s.2H,0; 
CsZn,Ag3(SCN), ; 
CsZn,Ag,(SCN)9  ; 

Cs,CdAg,(SCN),.2H,0; 

Cs,Cd3Agj„(SCN),,.6H,0. 

There  are  eight  types  of  triple  thiocyanates  in  the  above 
table,  and  all  but  one  of  the  salts  are  unique  in  their  types. 
The  two  other  types  known  at  present  are  represented  by  four 
salts  corresponding  to  CSjBaAgjCSCN)^  and  the  single  salt 
K,BaAg,(SCN)3.H,0. 

EXPERIMENTAL  PART. 

The  cadmium  thiocyanate  used  for  this  work  was  prepared 
by  making  an  exact  precipitation  with  barium  thiocyanate 
and  cadmium  sulphate  in  dilute  solution,  filtering,  and  evapo- 
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rating  to  crystallization.  The  salt  is  sparingly  soluble  and 
crystallizes  without  water,  as  stated  by  Meitzendorff.' 

/  .•  /  Caesium- Cadmium  Thiocyanate,  CsCd  ( SCN ) ,.  — This 
salt  forms  large  crystals  which  are  sometimes  tabular,  and 
again  prismatic  in  habit.  They  are  colorless  and  either 
transparent  or  frequently  somewhat  white  and  not  fully  trans- 
parent. The  substance  is  stable  in  the  air.  It  melts  at  212° 
to  214°.  The  compound  is  formed  under  a  wide  range  of 
conditions,  for  instance,  when  caesium  and  cadmium  thio- 
cyanates  are  mixed  in  the  molecular  proportions  8:1,1:1, 
and  I  :  4  in  aqueous  solution  and  properly  concentrated.  In 
the  case  of  the  first  proportion  mentioned,  the  solution  should 
not  be  concentrated  too  far,  for  then  the  4  :  i  salt,  to  be  de- 
scribed next,  would  be  deposited.  The  volume  should  be 
about  100  cc.  for  75  grams  of  caesium  thiocyanate  and  12 
grams  of  cadmium  thiocyanate.  When  4  molecules  of  cad- 
mium thiocyanate  to  i  of  the  caesium  salt  are  present  in  a 
solution,  cadmium  thiocyanate  is  usually  deposited  with  the 
double  salt.     The  salt  can  be  recrystallized  from  water. 

The  following  analyses  were  made  of  different  crops : 


Calculated  for 
CsCd(SCN)3. 

I. 

II. 

Found. 
III. 

IV. 

V. 

Cs 

31-71 

.... 

.... 

.... 

.... 

.... 

Cd 

26.80 

26.85 

26.80 





27.46 

SCN 

41.49 

41.10 

41-59 

41.41 

41.19 

41.91 

4. :  I  Caesium- Cadmium  Thiocyanate,  Cs^Cd(SCN)g.2H,0. — 
This  salt  forms  large,  nearly  square,  tabular  crystals  which 
are  transparent,  colorless,  and  stable  in  the  air.  It  fuses 
gradually  from  80°  to  90°,  gives  off  water,  and  the  anhydrous 
residue  fuses  between  no'  and  120°.  It  is  formed  in  concen- 
trated solutions,  best  when  they  contain  more  than  the  calcu- 
lated amount  of  caesium  thiocyanate,  and  when  the  excess  of 
the  latter  is  very  large  it  crystallizes  beside  the  double  salt. 
By  cooling  a  very  concentrated  solution  of  the  salt  it  is  possi- 
ble to  recrystallize  it,  but  the  i  :  i  salt  is  deposited  if  the  solu- 
tion is  more  dilute. 

The  following  analyses  of  different  crops  were  made  : 

1  Pogg.  Ann.,  56,  63. 
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Calculated  for  Found. 

Cs4Cd(SCN)6.2H20.  I.  II.  III.  IV. 

Cs  51-73                

Cd  IO-93                10.66       

SCN  33.84  33.59     33.65     33.67     33.88 

HjO  3.50                3.27      

Anhydrous,  2  : 1 :  2,  Caesium-Cadmium- Silver  Thiocyanate, 
CSi,CdAgj(SCN)g. — This  salt  is  deposited  on  cooling  and 
standing  from  solutions  of  almost  any  mixture  of  the  three 
salts  unless  they  are  very  dilute.  When  it  forms  rapidly  it 
produces  an  exceedingly  finely  divided,  snow-white  precipi- 
tate. When  it  deposits  more  slowly  it  usually  forms  small, 
compact,  spherical,  white  concretions  in  which  the  individual 
crystals  are  difficult  to  detect,  even  with  a  microscope  of  high 
power.  In  rather  concentrated  solutions,  however,  particu- 
larly those  containing  a  very  large  excess  of  caesium  thio- 
cyanate, it  is  possible  to  obtain  the  compound  in  the  form  of 
groups  of  brilliant,  thin  scales,  which  are  sometimes  several 
millimeters  in  diameter.  The  best  crystallized  crops  were  ob- 
tained from  a  solution  containing  about  150  grams  of  caesium 
thiocyanate,  10  grams  of  cadmium  thiocyanate,  and  5  grams 
of  silver  thiocyanate  at  volumes  varying  from  250  to  300  cc. 
The  readiness  with  which  this  compound  is  formed  is  a  great 
obstacle  to  the  preparation  of  the  hydrous  salt  corresponding 
to  it. 

Analyses  were  made  of  several  crops.  No.  I.  was  in  the 
form  of  small  spherical  masses,  No.  II.  was  a  precipitate, 
Nos.  III.,  IV.,  and  V.  were  in  the  form  of  small  scales : 

Calculated  for  Found. 

Cs2CdAgj(SCN)6.  I.  II.  III.  IV.  V. 

Cs  28.23  

Cd  11.92  12.92     11.95       

AgSCN  35.23  34.99     34.01       

Sol.  SCN  24.62  24.84     23.46     25.03     25.04     24.46 

Hydrous,  2.1: 2,  Caesium-Cadmium-Silver  Thiocyanate, 
Cs,CdAg,(SCN),.2H20.— This  salt  forms  transparent,  pris- 
matic crystals.  Usually  the  crystals  form  groups,  radiating 
from  common  points,  with  the  individuals  a  centimeter  or 
more  in  length  and  about  a  millimeter  in  diameter,  but  some- 
times loose  masses  are  formed  when  the  individual  crystals 
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are  often  exceedingly  small  and  slender.  The  salt  was  ob- 
served under  a  wide  range  of  conditions,  but  it  does  not  ap- 
pear to  be  formed  readily  in  solutions  containing  a  great  ex- 
cess of  cadmium  thiocyanate.  It  is  extremely  difl&cult  to  ob- 
tain pure  crops  of  this  compound,  because  the  anhydrous  salt 
is  almost  invariably  deposited  with  it  or  upon  it.  It  is  proba- 
bly best  to  use  caesium  and  cadmium  thiocyanates  in  nearly 
the  required  proportion  with  comparatively  little  of  the  silver 
salt.  Then,  at  a  certain  degree  of  dilution,  the  salt  will  be 
deposited  after  cooling,  and,  on  rare  occasions,  it  may  be  ob- 
tained free  from  the  white  concretions  of  the  anhydrous  salt. 
The  salt  loses  water  very  quickly  on  exposure  to  the  air,  be- 
coming white  and  opaque. 

Water  was  determined  in  a  sample  of  the  transparent  crys- 
tals with  the  following  result : 

Calculated  for 
Cs2CdAg2(SCN)6.2H20.  Found. 

H,0  3.68  4-22 

Three  samples,  made  under  widely  varying  conditions, 
were  analyzed  after  they  had  lost  water  by  exposure  or  by 
drying  at  100°,  with  the  following  results  : 


Calculated  for 

CS2CdAg2(SCN)6. 

I. 

Found. 
II. 

III. 

Cs                28.23 

.... 

Cd                 11.92 
AgSCN       35.23 
Sol.  SCN     24.62 

12.25 
34.81 
24.96 

34-98 
24-95 

35-14 
24.66 

2:1:4.,  Caesium- Cadmium- Silver  Thiocyanate, 
Cs3CdAg,(SCN)8.2H,0.— This  salt  is  deposited  from  very  di- 
lute solutions  which  contain  a  moderate  or  large  excess  of 
caesium  thiocyanate  in  comparison  with  the  cadmium  thio- 
cyanate present,  and  also  from  very  dilute  solutions  contain- 
ing the  two  salts  in  nearly  equal  quantities.  When  the  cad- 
mium salt  is  considerably  in  excess  the  salt 
Cs,Cd,Ag,„(SCN),„.6H,0 

appears  to  be  the  invariable  product  under  otherwise  similar 
conditions.  The  salt  is  deposited  either  by  cooling  or  upon 
long  standing,  sometimes  only  after  many  days,  as  a  solution 
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evaporates  spontaneously.  The  solutions  from  which  it  forms 
are  so  dilute  that  they  can  hold  but  little  silver  thiocyanate  in 
solution,  and  the  crops  obtained,  even  with  1000  or  1200  cc. 
of  solution,  are  so  small  that  it  is  diflScult  to  obtain  enough  for 
satisfactory  analyses.  The  compound  has  been  observed  in 
three  different  habits  :  (i)  Minute  needles,  2  or  3  mm.  in 
length,  mostly  in  groups  of  a  few  individuals  radiating  from 
points.  Under  the  microscope  these  crystals  were  made  out 
to  be  hexagonal  prisms  with  pyramids.  Professor  Penfield 
has  kindly  confirmed  this  observation,  and  upon  comparing 
these  needles  with  crystals  of  the  4:3:10  salt,  to  be  described 
next  in  order,  he  was  unable  to  perceive  any  relationship  be- 
tween the  two  kinds  of  crystals  (Analysis  I.).  (2)  Small, 
thin,  diamond-shaped  crystals  formed  slowly  (Analj'-sis  II.). 
The  crystals  of  this  crop  resembled  strongly  those  of  the  next 
salt  to  be  described.  Professor  Penfield,  who  kindly  com- 
pared the  two  kinds  of  crystals,  found  them  to  have  similar 
optical  properties,  and  he  thought  that  they  were  identical. 
The  analyses  show  much  difference,  however.  (3)  Still 
smaller  and  thinner  scales,  of  undetermined  shape,  formed 
rapidly  by  cooling  from  two  very  different  solutions  (Analyses 
III.  and  IV.). 

The  analyses  follow  : 


Calculated  for 

Found. 

Cs2CdAg4(SCN)8 

.2H2O. 

I. 

II.               III. 

IV. 

Cs 

20.30 

.... 

20.10         .... 

.... 

Cd 

8.58 

8.93 

8.65          8.35 

8.76 

AgSCN 

50.67 

51-07 

50.56       50.43 

50.84 

Sol.  SCN 

17.70 

17.89 

....        17.73 

17.80 

H,0 

2.75 

3-12 



.... 

4:3: 10,  Caesium- Cadmium- Silver  Tkiocyanaie, 
Cs^Cd3Agi„(SCN),o.6H,0.— This  occurs  in  brilliant,  colorless, 
or  faint-yellowish  crystals,  sometimes  2  or  3  mm.  in  diameter, 
but  usually  smaller.  The  crystals  appear  to  be  orthorhombic 
in  form,  and  are  almost  invariably  of.  diamond-shaped 
(rhombic)  outline,  resulting  from  prominent  faces  forming 
rather  low,  elongated  pyramids.  The  salt  is  deposited  from 
dilute  solutions   containing   greater   quantities   of   cadmium 
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thiocyanate  than  of  the  caesium  salt,  which  are  nearly- 
saturated  with  silver  thiocyanate,  best  by  evaporation  at  ordi- 
nary temperatures.  The  crystals  often  form  at  the  surface  of 
the  liquid,  but  they  form  also  at  the  bottom.  From  the  less 
dilute  solutions  the  compound  is  frequently  deposited  together 
with  the  white  spherules  of  CSjCdAg2(SCN)g,  but  it  is  formed 
alone  when  such  solutions  are  sufficiently  diluted.  Many 
crops  were  prepared  and  analyzed,  on  account  of  the  complex 
composition  indicated.  These  crops  came  from  two  solutions, 
one  of  which  contained  a  much  greater  excess  of  cadmium 
thiocyanate  than  the  other,  and  during  the  progress  of  the  ex- 
periments this  excess  was  still  further  increased.  Both  solu- 
tions were  gradually  diluted,  and  the  analyses  are  given  in 
the  order  in  which  they  were  made,  so  that  the  analyses  with 
higher  numbers  generally  represent  products  from  more  di- 
lute solutions  than  the  preceding  ones.  The  dilutions  were 
carried  to  a  point  where  but  little  silver  thiocyanate  could  be 
dissolved  in  the  solutions  at  about  1200  cc.  (a  portion  of  the 
liquid  being  removed  at  each  step),  and  the  crops  of  triple 
salt  became  too  small  for  satisfactory  analyses. 

The  analyses,  all  of  which  represent  separate  products,  are 
given  in  the  table  on  the  opposite  page. 

It  is  to  be  observed  that  the  crops  from  the  more  dilute 
solutions  show  a  slight  tendency  to  approach  the  composition 
represented  by  the  simpler  formula,  but  since  all  the  crops 
were  formed  in  the  presence  of  an  excess  of  cadmium  thio- 
cyanate, a  deficiency  in  cadmium  would  not  be  expected  in 
them,  and  hence  the  more  complex  formula  has  been  reluc- 
tantly adopted. 

Methods  of  Analysis. — In  analyzing  the  salts  described  in 
this  article,  a  substance  containing  silver  was  treated  with  a 
liberal  amount  of  water,  usually  at  boiling,  for  some  time,  then 
the  silver  thiocyanate  was  collected  on  a  Gooch  filter,  dried 
at  somewhat  above  100°,  and  weighed.  Cadmium  was  some- 
times precipitated  as  sulphide,  which  was  also  weighed  in  a 
Gooch  crucible.  This  was  always  the  case  where  caesium 
was  to  be  determined  by  weighing  the  normal  sulphate. 
Cadmium  was  determined  in  other  cases  by  precipitation  with 
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sodium  carbonate  and  weighing  the  oxide  in  a  Gooch  cruci- 
ble. This  method  frequently  gave  some  trouble,  as  the  car- 
bonate was  finely  divided  and  difficult  to  filter,  but  in  these 
cases  the  operation  was  repeated  until  the  filtrate  was  clear. 
The  filtrate  from  the  cadmium  carbonate  was  frequently  titra- 
ted for  soluble  SCN,  but  sometimes  a  separate  sample  was 
used  for  this  purpose.  "Water  was  determined  b)'^  loss  upon 
heating  to  constant  weight,  usually  at  about  120°. 

New  Haven,  Conn.,  April,  1903. 
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CVII.— ON  A   DOUBI.E  SALT  OF  POTASSIUM   AND 
BARIUM  NITRATES. 

By  Wm.  K.  Wallbridge. 

The  salt  to  be  described,  2KN03.Ba(NO,)2,  is  of  considera- 
ble interest,  because  other  double  salts  of  alkali  metals  and 
barium  are  apparently  entirely  unknown,  and  because,  while  a 
few  double  nitrates  are  known,  no  evidence  has  been  obtained 
previously  that  alkaline  nitrates  form  crystallizable  double 
nitrates  with  the  nitrates  of  bivalent  metals.^  For  these  two 
reasons,  therefore,  the  salt  is  a  very  unusual  one,  and  one 
whose  existence  would  not  be  expected  from  analogy. 

When  a  hot,  concentrated  solution  of  40  grams  of  potassium 
nitrate  and  10  grams  of  barium  nitrate  was  allowed  to  cool, 
large  crystals  of  potassium  nitrate  formed,  and  afterwards  a 
crop  of  small,  opaque  crystals  was  deposited  upon  them. 
These  were  carefully  picked  out  and  dried  by  pressing  with 
filter-paper  (Analysis  I.).  On  evaporation  of  the  mother- 
liquor  a  similar  crop  was  deposited  upon  potassium  nitrate 
crystals  (Analysis  II.).  The  double  salt,  free  from  crystals  of 
potassium  nitrate,  was  then  obtained  from  a  solution  of  40 
grams  of  potassium  nitrate  and  20  grams  of  barium  nitrate 
(Analysis  III. ).  From  a  solution  of  20  grams  each  of  the  two 
nitrates  a  crop  was  obtained  which  contained  a  much  larger 
amount  of  barium  than  the  double  salt.  This  was  evidently 
a  mixture  of  the  double  salt  with  barium  nitrate,  but  it  was 
the  only  crop  analyzed  which  indicated  a  mixture.     From  the 

*  See  Wells,  Beardsley,  and  Jamieson  :  This  Journal,  a6,  275. 
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mother-liquor  from  this  mixture  a  crop  of  the  double  salt  was 
obtained  ( Analysis  I V. ) .  Another  crop  was  prepared  by  slow 
evaporation,  over  sulphuric  acid,  of  a  solution  containing  40 
grams  of  potassium  nitrate  and  20  grams  of  the  barium  salt 
(Analysis  V.). 

The  results  of  the  analyses  are  as  follows  : 


3045     30-49 


In  regard  to  the  analyses,  it  may  be  mentioned  that  barium 
and  potassium  were  weighed  as  sulphates  while  nitrogen  was 
determined  by  the  modified  Kjeldahl-Gunning  method.^ 

The  crystals  formed  by  cooling  were  in  white,  opaque 
masses  of  microscopic  individuals,  which  showed  tetrahedral 
habit,  while  the  crystals  obtained  by  slow  evaporation  were 
very  much  larger,  usually  from  i  to  3  mm.  in  diameter.  The 
latter  were  also  white  and  opaque  and  were  invariably  of  tetra- 
hedral form.  The  faces  of  these  crystals  were  much  striated 
and  very  rough  and  imperfect.  Prof.  S.  L.  Penfield  has 
kindly  inspected  the  crystals,  and  has  found  that  they  show 
strong  optical  properties,  although  they  are  too  opaque  to 
give  any  satisfactory  results  upon  examination.  Professor 
Penfield  has  also  pointed  out  the  general  resemblance  in  habit 
of  these  crystals  to  certain  crystals  of  barium  nitrate  men- 
tioned by  Groth.*  The  view  that  the  crystals  are  impure 
barium  nitrate  must  therefore  be  considered.  This  does  not 
appear  to  be  possible  on  account  of  the  constant  composition 
of  several  crops  produced  under  considerably  different  condi- 
tions, and  also  on  account  of  the  close  ratios  derived  from  the 
analyses,  which  indicate  the  presence  of  2  atoms  of  potassium 
to  I  of  barium.  It  should  be  mentioned  also  that  when  crys- 
tallizations were  made  from  solutions  containing  more  barium 
nitrate  than  potassium  nitrate,  or  when  an  attempt  was  made 

1  Bulletin  46,  Revised  Edition,  U.  S.  Dept.  Agr.,  p.  17. 
*  Physikal.  Krystallog.,  p.  498. 
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to  recrystallize  the  double  salt,  barium  nitrate  was  deposited 
in  crystals  of  octahedral  habit,  which  were  more  transparent 
and  were  different  in  appearance  from  the  double  salt. 

Attempts  to  prepare  a  double  salt  with  caesium  nitrate  and 
barium  nitrate  were  without  success.  From  a  solution  con- 
taining 25  grams  of  the  caesium  salt  and  15  grams  of  the 
barium  salt,  the  two  simple  salts  crystallized  out  side  by  side. 
A  similar  result  was  obtained  with  potassium  nitrate  and 
strontium  nitrate,  for  it  was  found  that  these  two  salts  crys- 
tallized side  by  side  when  10  grams  of  the  first  and  18  grams 
of  the  second  were  present  in  a  solution.  It  does  not  appear 
probable,  therefore,  that  a  series  of  double  nitrates  analogous 
to  KjBa(NOs)^  can  be  prepared. 

It  may  be  said,  in  conclusion,  that  the  double  salt  under 
consideration  is  curious,  not,  only  as  an  alkali-metal  and 
barium  double  nitrate,  but  because  a  corresponding  com- 
pound is  not  formed  by  caesium,  which  shows  an  eminent 
tendency  to  form  double  salts,  and  also  because  it  crystallizes 
in  imitation  of  barium  nitrate  and  forms  very  crude,  opaque 
crystals.  It  seems  possible  that  these  crystals  are  formed  upon 
nuclei  of  barium  nitrate  and  that  their  structure  is  pseudo- 
morphic. 

New  Haven,  Conn.,  April,  1903. 


ON  THE  CONDENSATION  OF  OXALIC  ETHYI.  ES- 
TER WITH  ETHYIvENE  AND  TRIMETHYI,- 

ENE  CYANIDES. 

By  Arthur  Michael. 

According  to  v.  Baeyer's  strain  hypothesis,  the  facility  of 
the  conversion  of  organic  substances  with  open  into  those 
with  closed  chains  is  dependent  on  the  spacial  proximity  of 
the  groups  that  interact  to  form  the  ring.  Basing  his  specu- 
lations on  the  van 't  Hoff  tetrahedron  form  for  the  carbon 
atom,  v.  Baeyer  showed  that  the  strain  hypothesis  explains 
the  well-known  tendency  towards  the  formation  of  derivatives 
containing  five-   or  six-membered    rings.     Although   a  very 
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considerable  number  of  facts  are  in  accordance  with  these 
views,  the  strain  hypothesis  cannot  represent  a  compre- 
hensive explanation  for  the  theory  of  ring-formation,  since  it 
does  not  take  into  consideration  the  question  of  chemical 
afl&nity,  nor  the  influence  of  side-chains  in  facilitating  such 
condensations. 

That  groups,  which  do  not  directly  enter  into  the  process  of 
forming  the  ring,  may  greatly  influence  the  phenomenon  has 
long  been  known,  but  until  recently  the  facile  condensation  of 
substances  with  open  to  those  with  closed  chains  invaria- 
bly implied  the  formation  of  derivatives  containing  a  five-  or 
six-membered  ring.  Indeed,  this  relationship  forms  the  prin- 
cipal support  of  the  strain  hypothesis.  Several  years  ago  the 
writer^  showed  that,  through  the  indirect  influence  of  certain 
side  groups,  derivatives  of  tetramethylene  may  be  obtained 
not  only  by  alcohol-condensation,  but  that  they  are  quite 
as  readily  formed  as  any  derivatives  of  five-  or  six-mem- 
bered rings.  Thus  the  substance  formed  by  addition  of  sodium 
malonic  ester  to  crotonic  ester, 


,ONa 
H,C— CH=CH— COOC, 


H3C— CH— CH,— COOC.H, 

/ONa 
C 

COOC.H^ 


is  stable,  but  if  ^-carbethoxycrotonic  ester,  i.  <?.,  citraconic  es- 
ter be  used,  instead  of  crotonic  ester,  a  very  considerable  part 
of  the  addition-product  formed  at  first  undergoes  a  sponta- 
neous condensation  to  a  derivative  of  ketotetramethylene  : 

1  Ber.  d.  chem.  Ges.,  33,  3742. 
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,ONa 
H.C-C-COOC.H._^^^^Soc.H.     ^ 
HC-COOC.H,  \coOC.H. 

COOC.Hg 

I  /ONa 

C=C< 
I         \OC,H, 

H,C— C— CH— COOC.Hj 

COOC.H, 

COOC.H, 

I 

C CONa 

I  II 

H.C^C C— COOC.H,  +  C.H^OH. 

COOC.H^ 

Furthermore,  it  was  shown  that  methyl  and,  to  a  greater  de- 
gree, ethyl  facilitate  these  condensations  more  or  less,  accord- 
ing to  their  position  towards  the  malonic-ester  radical  of  the 
addition-products.  This  investigation  proves  conclusively 
that  the  strain  hypothesis  will  require  material  modification 
before  it  can  offer  a  satisfactory  explanation  of  the  phenome- 
non of  ring-formation,  but  in  this  paper  it  is  not  proposed  to 
enter  more  fully  on  the  subject. 

In  continuing  this  investigation  on  the  influence  of  side- 
chains,  some  experiments  were  made  to  ascertain  whether  deriv- 
atives of  tetramethylene  could  be  obtained  by  means  of  oxalic 
ester.  The  use  of  succinic  ester  as  second  substance  for  this 
purpose  was  debarred,  since  it  readily  suffers  a  chemical 
change  with  sodium  or  sodium  ethylate,  and  succinic  nitrile 
was  therefore  employed  in  its  place. 

The  condensation  of  oxalic  ester  with  benzyl  nitrile  has  been 
effected  by  Erlenmeyer,  Jr,^  Subsequently,  Fleishhauer'  ex- 
tended the  reaction,  using  several  fatty  nitriles.     In  the  later 

1  Ber.  d.  chera.  Ges.,  aa,  1483. 
*  J.  pralct.  Chem.,  [2],  47,  375. 
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experiments  only  poor  yields  were  obtained,  but  in  syntheses 
like  the  above  it  is  characteristic  of  the  indirect  influence  of 
negative,  polyvalent  atoms  in  the  fourth  position  towards  the 
carbon  of  a  methylene  group,  to  greatly  facilitate  the  reactivity 
of  hydrogen  joined  to  such  carbon,^  and  since  ethylene  cyanide 
fulfils  these  conditions,  more  favorable  results  were  expected 
than  when  monobasic  nitriles  are  used.  The  condensation 
between  oxalic  ester  and  ethylene  nitrile,  using  either  sodium 
ethylate  or  sodium,  proceeds  readily  and  a  fair  yield  of  a  keto- 
product  is  formed.  The  reaction,  however,  does  not  lead  to  a 
product  with  a  closed  chain,  but  proceeds  as  follows  : 

COOC.Hj        CH.CN 

2\  -hi 

COOCjHj        CH.CN 

HjC.OOC— CO— CH— CN 

I  +  2C,H,0H. 

HjC.OOC— CO— CH— CN 

Since  Dieckmann^  has  shown  that  ketopentamethylene 
derivatives  may  be  easily  synthesized  by  condensing  oxalic 
ester  with  glutaric  ester,  it  was  expected  that  using  tri-- 
methylene  cyanide,  instead  of  the  ethylene  derivative,  an 
analogous  product  would  be  obtained.  It  was  found,  how- 
ever, that  condensation  stops  at  the  first  stage  of  the  reaction 
and  attempts  to  close  the  chain  were  without  result.  The  re- 
action is  represented  by  : 

CH— CN 
COOC.H^         I 
I  +  CH, 

COOC,Hj        I 

CH,CN 

CH,— CN 

I 
CH,  +  CjHjOH. 

H,C,OOC— CO— CH— CN 
Action  of  Oxalic  Ester  on  Ethylene  Cyanide. 
Five  grams  of  ethylene  cyanide^  were  dissolved  in  9  grams 

1  Michael  :  Ber.  d.  chem.  Ges.,  33,  3733. 
'  Ann.  Chem.  (Uebig),  317,  27. 
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oxalic  ethyl  ester  (equal  mols.),  the  solution  cooled  to  room 
temperature,  and  1.4  grams  sodium  wire  (i  atom)  added. 
The  reaction  began  soon,  but  was  slow,  and  after  the  mixture 
had  stood  a  day  there  was  still  a  little  unchanged  sodium.  It 
was  finally  completed  by  warming  the  mixture  to  about  45° 
for  a  short  time.  Only  a  small  amount  of  gas  was  given  off. 
The  product,  which  was  a  canary-yellow  substance  suspended 
in  a  thick  oil,  was  dissolved  with  cold  water  and  filtered  from 
a  slight  residue.  Carbon  dioxide,  passed  through  the  filtrate, 
gave  no  precipitate,  but  addition  of  hydrochloric  acid  gave  a 
thick  oil.  On  standing  for  a  day  in  the  ice-chest,  this  oil 
solidified  to  a  considerable  extent  to  long,  yellowish  prisms, 
which  were  filtered  off  under  pressure  and  washed  with  a 
little  dilute  alcohol.  For  analysis,  the  dried  product  was 
taken  up  with  hot  benzene,  filtered  from  a  small  amount  of 
insoluble,  resinous  substance,  and  recrystallized  twice  from 
the  same  solvent. 

I.  0.1314  gram  substance,  dried  at  100°  in  vacuo,  gave 
0.2473  gram  CO3  and  0.0556  gram  HjO. 

II.  0.1533  gram  substance,  dried  at  100°  in  vacuo,  gave 
0.2878  gram  CO^  and  0.0653  gram  HjO. 

III.  0.3075  gram  substance,  dried  at  100°  in  vacuo,  gave  29 
cc.  N  at  22°  and  757  mm. 

Found. 
I.  II.  III. 

51-3  51-2 

4.7  4.7 

10.6 

ft  ,y-Dicyano-a,d-diketoadipic  ethyl  ester  cxys\.a\\\z&s  from  alco- 
hol as  long,  straw-colored  prisms,  with  obliquely  truncated 
ends,  which  often  form  fan-shaped  groups.  It  melts  under 
boiling  water,  but  is  only  sparingly  soluble  in  it.  In  alcohol 
it  dissolves  readily  in  the  cold,  also  in  hot  benzene,  separating 
from  the  latter  solvent,  on  cooling,  as  small,  prismatic  needles, 
which  melt  at  121°  to  123°.  Hot  petroleum  ether  dissolves 
the  substance  but  slightly.  Boiled  with  dilute  hydrochloric 
acid,  it  is  easily  saponified,  giving  a  thick  oil,  which  was  not 
further  examined.  The  ester  gives  the  hydrazone  reaction  with 
phenylhydrazine  acetate.     The  substance  may  be  obtained  by 
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using  alcoholic  sodium  ethylate  instead  of  sodium.  To  a  cold 
solution  of  1.6  grams  sodium  {jz  atoms)  in  20  grams  abso- 
lute alcohol,  10.8  grams  oxalic  ester  and  3  grams  ethylene 
cyanide  (i  mol.)  were  added,  A  precipitate  began  to  form  in 
a  short  time,  which  increased  on  allowing  the  mixture  to  stand. 
After  addition  of  some  absolute  alcohol  to  this  product  it  was 
filtered  under  pressure,  washed  with  alcohol,  and  dried  on  a 
porous  plate.  This  substance  forms  canary-yellow  prisms  that 
are  insoluble  in  hot  benzene,  acetic  ester,  and  chloroform,  and 
melt  at  92°  to  96°.  In  warm  absolute  alcohol  it  dissolved 
readily,  but  it  underwent  a  change,  as  the  precipitate  deposi- 
ted from  the  solution  on  cooling  was  now  not  soluble  in  warm 
alcohol.  The  yellow  substance  contained  sodium,  and  the 
addition  of  a  mineral  acid  to  its  solution  in  cold  water  gave  a 
precipitate  which,  after  recrystallization  from  benzene,  melted 
at  121°  to  123°  and  was  identical  with  the  condensation- prod- 
uct obtained  by  using  sodium.  It  was  apparently  the  sodium 
derivative  of  the  dicyanoketoadipic  ester. 

Action  of  Oxalic  Ethyl  Ester  on  Trimethylene  Cyanide, 

In  preparing  trimethylene  cyanide,  according  to  the  direc- 
tions given  by  Henry, ^  a  potassium  cyanide  was  employed 
that  was  supposed  to  be  a  98  to  99  percent  pure  product.  On 
fractionating  the  product  of  thereaction,  some  oil  was  obtained 
that  boiled  considerably  lower  than  trimethylene  cyanide,  and 
after  several  fractionations  with  beads  in  vacuum,  5  grams 
(from  137  grams  trimethylene  bromide)  of  an  oil,  boiling  con- 
stantly at  91°  C.  under  12  mm.  pressure,  were  isolated.  The 
product  contained  bromine  and,  as  the  following  halogen 
estimation  showed,  was  formed  by  the  replacement  of  one 
bromine  in  trimethylene  bromine  by  the  cyanogen  radical : 

0.2052  gram  oil  gave  0.2597  gram  AgBr. 

Calculated  for 
CHoBr— CHj— CHo— CN.  Found. 

Br  54.2  53-8 

The  formation  of  this  substance  is  analogous  to  that  of  tri- 
methylene chlorocyanide  from  trimethylene  chlorobromide  and 

1  Compt.  rend.,  loo,  742. 
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potassium  cyanide.  Its  appearance  was  probably  due  to  the 
use  of  potassium  cyanide,  which  was  less  pure  than  was  sup- 
posed, since  a  subsequent  preparation  of  the  cyanide,  when 
pure  potassium  cyanide  was  employed,  gave  only  trimethylene 
cyanide. 

To  a  solution  of  5  grams  trimethylene  cyanide  in  7.8 
grams  oxalic  ethyl  ester  (equal  mols.)  1.25  grams  sodium 
wire  (i  atom)  were  added  and,  as  the  metal  did  not  react  in  the 
cold,  the  mixture  was  heated  to  40°,  when  the  reaction  began. 
The  flask  was  then  removed  from  the  water-bath  and  in  about 
an  hour,  at  room  temperature,  almost  all  the  metal  was  used 
up.  The  few  remaining  shreds  of  sodium  disappeared  on 
warming  the  flask  gently  for  an  hour.  The  brown  product 
was  taken  up  with  cold  water  and  carbon  dioxide  passed 
through  the  solution  as  long  as  a  precipitate  was  formed. 
This  precipitate  was  inconsiderable  and  was  not  examined. 
The  addition  of  hydrochloric  acid  to  the  filtrate  from  this  pre- 
cipitate gave  an  oil  that  soon  solidified  to  a  mass  (4  grams) 
of  large  crystals.  For  analysis  the  substance  was  treated  in 
benzene  solution  with  bone-black,  and  recrystallized  twice 
from  that  solvent  and  then  once  from  hot  water. 

0.1359  gram  substance  gave  0.2773  gram  COj  and  0.0678 
gram  HjO. 

0.3700  gram  substance  gave  49  cc.  N  at  21''  and  754.6  mm. 


C9H10O3N2. 

Found. 
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^ ,S-Dicyano-oc-ketoglutaric  ester  cr3'Stallizes  from  benzene  as 
almost  white,  six-sided  prisms,  generally  with  truncated  ends, 
that  melt  at  96°  to  98°.  It  is  but  slightly  soluble  in  cold  water 
and  benzene  ;  readily  in  these  solvents  when  hot ;  and  spar- 
ingly soluble  in  ligroin,  ether,  and  carbon  tetrachloride.  In 
dilute  alkalies  it  dissolves  and  is  precipitated  unchanged  by 
addition  of  a  mineral  acid  to  the  solution.  The  ester  gives 
with  phenylhydrazine  acetate  the  hydrazone  reaction  for  the 
presence  of  a  keto  group.     Boiled  with  dilute  hydrochloric 
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acid  it  was  easily  saponified,  with  evolution  of  carbon  dioxide, 
and  a  thick,  oily  acid  was  formed,  which  could  not  be  ob- 
tained in  a  solid  state. 

The  substance  was  also  prepared  by  using  alcoholic  sodium 
ethylate.  One  gram  sodium  (1  atom)  was  dissolved  in  12 
grams  absolute  alcohol,  the  solution  cooled,  6  grams  oxalic 
ester  (i  mol.)  and  then  4  grams  trimethylene  cyanide  (i  mol.) 
added.  The  mixture  was  placed  a  day  in  the  ice-chest  and 
then  allowed  to  stand  for  several  days  at  the  temperature  of 
the  room.  A  crystalline  precipitate  formed,  which  was  fil- 
tered, washed  with  alcohol,  and  then  dissolved  in  water. 
Addition  of  hydrochloric  acid  to  the  aqueous  solution  gave  3.9 
grams  of  the  substance  in  an  almost  pure  state. 

Several  experiments  were  made  to  obtain  a  cyclopentene 
derivative  from  oxalic  ester  and  trimethylene  cyanide.  The 
experiment  just  described  was  repeated  with  the  variation  of 
using  2  molecules  of  sodium  ethylate  to  i  molecule  of  cyanide. 
The  solution  became  dark-red  after  standing  several  days,  but 
no  precipitate  was  formed.  After  evaporation  of  the  alcohol 
in  vacuum,  the  residue  was  dissolved  in  water  and  a  slight 
excess  of  hydrochloric  acid  added  to  the  solution.  The 
copious  precipitate  was  not  a  pure  substance,  it  melting  par- 
tially at  78°  to  80°  and  at  175°  to  185°,  and  left  a  mineral  resi- 
due on  calcination.  Extracted  with  hot  benzene,  about  two- 
thirds  dissolved,  and  the  above-described  keto  ester  separated 
from  the  solution  on  cooling.  Equally  unsuccessful  was  an 
experiment  using  2  atoms  sodium  to  i  molecule  of  the 
cyanide,  and  also  the  action  of  sodium  ethylate  on  the  di- 
cyanoketoglutaric  ester. 

A  number  of  experiments  were  made  to  obtain  condensa- 
tion-products of  ethylene  and  trimethylene  cyanides  with 
mono-  and  diethyl  malonic  and  glutaric  esters,  using  sodium 
for  the  purpose.  The  metal  did  not  act  readily  on  these  mix- 
tures and  heat  was  required  to  use  it  up.  In  no  case  was 
more  than  a  small  yield  of  an  acidic  oil  obtained. 

Tufts  College,  Mass. 


REVIEWS. 

The  Story  of  Alchemy  and  Beginners  of  Chemistry.    By  M.  M. 
PaTTison-Muir.     New  York  :  D.  Appleton  &  Co.     1903.     pp.  185. 

In  the  last  fifteen  years  Berthelot  has  minutely  described  in 
six  folio  volumes  the  beginning  of  alchemy  in  Egypt  and 
shows  how  the  art,  surviving  the  destruction  of  the  Alexan- 
drian library  and  the  Roman  eviction  of  the  alchemists  from 
Egypt,  wandered  degraded  through  Chaldea  and  Mesopotamia 
to  Constantinople  and  how  finally,  reaching  Europe  in  the 
thirteenth  century,  misunderstood  even  by  its  promoters,  it 
took  the  same  disgraceful  rank  as  astrology  and  magic. 

It  is  surprising,  at  this  late  day,  to  find  Mr.  Muir  describing 
the  alchemy  of  the  sixteenth  century  as  alchemy  par  excene?ice, 
and  so  condemning  it  as  unintelligible  and  comparing  the  tot- 
tering structure  with  the  philosophical  systems  of  the  Greeks. 
Two  facts  need  to  be  held  in  mind  to  give  us  a  clear  view  of 
this  subject.  First,  alchemy  was  an  art — it  was  neither  a 
philosophical  or  theological  system  ;  second,  it  was,  as  an  art 
or  handicraft,  Egyptian,  and  its  literature  and  language,  even 
in  the  sixteenth  century,  may  be  made  surprisingly  intelligi- 
ble by  reflecting  upon  it  the  Egyptian  conception  of  nature. 

The  later  alchemy  may  contain  "  A  language  that  is  inex- 
act, undescriptive,  and  unsuggestive  to  modern  ears,"  and 
yet  we  are  not  justified  in  speaking,  as  does  Mr.  Muir  on  his 
opening  page,  of  "  One  very  curious  manufacture  wherein  not 
the  thousandth  fragment  of  a  grain  of  the  finished  article  was 
ever  produced."  No  portion  of  what  we  now  understand  as 
gold  was  ever  produced,  yet,  what  the  Egyptian  meant  by 
gold  was  produced  abundantly,  for,  in  Egypt,  "  gold"  meant 
often  a  purple  bronze  or  iridescence.      {Chemical  News,  85, 

49-)  ,      . 

The  author's  general  attitude  towards  alchemy,  as  he  in- 
terprets it,  is  condemnatory.  So  far  as  page  122  he  describes 
the  bombast  and  fairy  tales  of  the  period  as  though  they  were 
essential  parts  of  a  system.  Chapter  VI.,  however,  contains 
a  very  good  description  of  "  Alchemy  as  an  experimental  art," 
fully  illustrated  by  cuts.  The  errors  of  the  work  may  per- 
haps be  answered  curiously  enough  by  Mr.  Muir's  own 
words  :  "It  would  be  truly  absurd  to  carry  back  to  that  time 
the  meaning  that  we  give  to  these  terms  to-day  and  then  to 
brand  as  ridiculous  the  attempts  of  the  men  who  studied 
then  the  same  problems  that  we  study  now." 

The  last  third  of  the  book  is  devoted  to  a  masterly  descrip- 
tion of  the  transition  from  alchemy  to  the  chemistry  of  Lavoi- 
sier.    Here  the  author  is  strong  and  the  theme  is  well  sus- 
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tained  to  the  end.  The  book  is  small,  with  flexible  covers. 
It  is  published  in  an  attractive  form  as  one  of  "  The  I/ibrary 
of  Useful  Stories,"  and,  taken  as  a  whole,  is  a  delightful  book 
to  read.  a.  j.  h. 

MONOGRAPHIEN     tJBER     ANGEWANDTE    ElEKTROCHEMIE.       II.     BAND. 

Die  Gewinnung  des  Aluminiums,  und  dessen  BedeuTung  fur 
HandeIv  und  Industrie.  Von  Adolphe  Minet.  Ins  Deutsche 
iibertragen  von  Dr.  Emii.  Abei,.  Wien  :  Wilhelm  Knapp.  Halle, 
a.  S.     1902. 

As  the  title  implies,  the  monograph  discusses  the  various 
methods  by  which  the  element  aluminium  is  obtained.  The 
methods  are  divided  into  two  general  classes — chemical  and 
electrochemical.  The  former  include  the  reduction  of  alu- 
minium compounds  by  sodium  and  other  substances,  and  the 
latter  the  various  electrical  processes  which  have  been  em- 
ployed in  obtaining  aluminium. 

The  work  in  hand  contains  a  discussion  of  much  of  the  same 
material  included  by  Borchers  in  his  "  Elektrometallurgie." 
The  second  part  of  this  monograph  takes  up  such  questions 
as  the  cost  of  producing  aluminium,  the  alloys  of  aluminium, 
and  the  aluminium  industry  in  general.  h.  c.  j. 

MONOGRAPHIENUBER  ANGEWANDTE  Elektrochemie.  III.  Band.    Die 
DARSTEtLUNG  DES  ChROMS  UND  SEINER  VERBINDUNGEN,  MIT  HiLFE 

DES  ELEKTRiscHEN  Stromes.  Von  Dr.  Max  I,a  Blancord,  Pro- 
fessor und  Direktor  des  Physikalisch-chemischen  (Elektrochem- 
ischen)  Instituts  der  Technischen  Hochschule  zu  Karlsruhe.  Halle, 
a.  S.     Wilhelm  Knapp.     1902. 

This  monograph  on  the  preparation  of  chromium  and  its 
compounds  gives  a  review  of  the  electrical  methods  used  for 
that  purpose  up  to  the  end  of  the  year  1901.  The  methods 
are  classified  under  the  general  heads  :  Preparation  of  metal- 
lic chromium  by  electrolysis  from  aqueous  solution,  and  at 
high  temperatures ;  preparation  of  compounds  of  chromium 
with  metals  by  electrolysis  from  aqueous  solution,  and  at  high 
temperatures  ;  and  preparation  of  the  compounds  of  chromium 
with  the  non-metals,  such  as  carbon,  silicon,  phosphorus,  sul- 
phur, oxygen,  etc. 

The  work  is  written  with  that  unusual  clearness  which  is 
characteristic  of  its  author.  H.  C.  j. 

Physical  Chemistry  for  Physicians  and  Biologists.  By  Dr. 
Ernst  Cohen,  Professor  of  General  and  Inorganic  Chemistry  in  the 
University  of  Utrecht.  Authorized  translation  from  the  German, 
by  Martin  H.  Fischer,  M.D.,  Instructor  in  Physiology  in  the  Uni- 
versity of  California.  New  York  :  Henry  Holt  &  Co.  1903.  pp. 
343- 
The  work  in  hand  was  prepared,  according  to  the  author, 
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"  in  response  to  the  request  of  a  number  of  physicians  to  give 
in  a  series  of  lectures  a  resume  of  those  subjects  in  physical 
or  general  chemistry  which  are  of  importance  in  medicine. 
These  lectures  are  in  no  way  a  text-book  of  physical  chemis- 
try. I  have  merely  endeavored  to  show  in  them  the  close  re- 
lation that  exists  between  this  new  branch  pf  chemistry  and 
the  biological  sciences. ' '  The  lectures  are  on  reaction  velocity, 
inversion  of  cane-sugar  and  catalysis  in  general,  the  action  of 
ferments,  temperature  and  reaction  velocity,  equilibrium,  fric- 
tion of  liquids,  osmotic  pressure,  molecular  weight  of  dis- 
solved substances,  the  theory  of  electrolytic  dissociation,  ap- 
plications. The  importance  of  physical  chemistry  in  connec- 
tion with  the  biological  sciences  is  becoming  greater  and 
greater,  and  there  is  a  growing  demand  on  the  part  of  biolo- 
gists to  know  more  and  more  of  the  recent  developments  in 
physical  chemistry.  The  book  under  consideration  will  un- 
doubtedly prove  useful  in  the  field  which  it  is  meant  to  cover. 
A  question  which  may  fairly  be  raised  is  whether  the  average 
physician  is  sufficiently  familiar  with  the  calculus  and  differ- 
ential equations  to  use  successfully  a  work  into  which  they 
are  extensively  introduced.  The  work  is  clearly  written,  and 
the  English  translation  seems  to  be  satisfactory.        H.  c.  j. 

Inorganic  Chemistry  Syllabus.  By  Hubert  C.  Carel,  B.S., 
Assistant  Professor  in  the  University  of  Minnesota.  Third  Edition. 
Minneapolis  :  H.  W.  Wilson.      1902. 

The  author's  preface  says  that  "  this  little  book  is  an  effort 
to  present  in  brief  form,  those  salient  facts  of  inorganic  chem- 
istry as  offered  to  the  Freshman  classes  of  the  Department  of 
Medicine,  University  of  Minnesota.  The  chief  object  has 
been  brevity,  to  which  we  have  sacrificed  everything  save  ac- 
curacy and  definition."  The  writer  has  been  successful,  for 
the  book  contains  a  surprising  amount  of  condensed  descrip- 
tive chemistry.  Indeed,  there  is  almost  too  much  detail  for 
a  book  in  which  the  single  subjects  are  treated  so  briefly,  and 
there  would  be  danger  of  the  student  not  grasping  the  relative 
value  of  the  facts  presented,  were  the  book  used  alone,  but 
used  as  it  is  with  lectures  and  laboratory,  it  is  doubtless  of 
value.  E.  R. 


Vol.  XXX.  September,  1903.  No.  3. 

AMERICAN 

Chemical  Journal 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

CVIII.— ON  SOME  PSEUDODITHIOBIURETS. 

By  Treat  Baldwin  Johnson. 

The  non-substituted  pseudothioureas, 

NH=C(SR)— NH,(R=rCH— ,C,H— ), 

have  received  very  little  attention.  It  is  only  recently  that 
they  have  been  found  to  be  capable  of  isolation.  In  some 
previous  papers  from  this  laboratory^  it  has  been  shown  that 
the  free  pseudothioureas  are  not  so  unstable  as  one  would  be 
led  to  believe,  and  it  has  been  found  that  they  can  be  isolated 
from  their  halide  salts  at  low  temperatures. 

The  work  described  in  this  paper  was  undertaken  at  the 
suggestion  of  Prof.  H.  I^.  "Wheeler,  with  the  object  of  inves- 
tigating the  action  of  isothiocyanates  on  these  simple  pseudo- 
thioureas, and  also  some  of  the  type 

RN=:C(SR')— NH,(R=CgH5,C,H,— ). 

I  find  that  the  non-substituted  pseudothioureas  are  fairly 
stable  in  aqueous  solution  at  ordinary  temperature,  and  com- 
bine very  smoothly  with  isothiocyanates,  giving  a  new  class  of 
pseudodithiobiurets. 

The  first  pseudodithiobiurets  were  prepared  by  Tursini*  by 

1  This  Journal,  a^,  478,  492  (1903). 
»  Ber.  d.  chem.  Ges.,  17,  585. 
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treating  phenylditbiobiuret  and  paratolyldithiobiuret  with 
ethyl  iodide  in  the  presence  of  ammonia.  He  also  mentions 
the  corresponding  pseudomethyl  derivatives.  Tursini  showed 
that  the  alkyl  radical  was  joined  to  sulphur,  but  did  not  de- 
termine to  which  sulphur  atom  it  had  attached  itself. 

Billeter^  has  described  a  somewhat  different  type  of  pseudo- 
dithiobiurets,  which  he  obtained  by  treating  certain  thioureas 
with  thiocarbamic  chlorides.  He  furthermore  made  the  in- 
teresting observation  that  his  pseudodithiobiurets  underwent 
a  molecular  rearrangement  into  the  normal  dithiobiurets. 

There  are  two  structurally  different  pseudodithiobiurets, 
since  tautomeric  forms  need  not  be  considered,  having  the 
composition  of  Tursini 's  phenyl  derivative  : 

CeH^N^C— NHCSNH,       CeH^NHCSN^C— NH, 

SC,H,  '  SC,H5 

I.  II. 

We  have  prepared  the  pseudoethyldithiobiuret  (Formula 
II.)  by  treating  pseudoethylthiourea  with  phenyl  isothio- 
cyanate.  We  find  that  it  does  not  agree  in  any  of  its  proper- 
ties with  Tursini's  body.  Tursini's  pseudoethyldithiobiuret 
must,  therefore,  be  the  isomeric  substance  having  the  struc- 
ture shown  in  Formula  I. 

In  a  previous  paper^  from  this  laboratory  it  has  been  shown 
that  when  a  substituted  pseudothiourea  is  treated  in  the  cold 
with  an  acid  chloride  that  the  acyl  radical  first  attacks  the 
nitrogen  atom  which  is  joined  to  the  aryl  group.  An  unstable 
acyl  derivative  is  formed,  which  very  easily  undergoes  a 
molecular  rearrangement  into  a  stable  isomer. 

C,H,S.C4  -fCeH.COCl     =. 

^NH  /NHCOC.H, 

C,H,S.cf  --     C,H,S.C^ 

^N.C.H,  ^NC,H, 

COC.H, 

(Labile.)  (Stable.) 

^  J»id.,3t,  io8;   26,  1688. 
*  This  Journal,  37,  270  (1902). 
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Busch  and  Holzmann^  made  a  similar  observation  in  the  ac- 
tion of  isothiocyanates  on  phenylhydrazine.  Contrary  to  the 
rule  of  stereochemical  interference,  it  was  the  nitrogen  atom 
attached  to  the  phenyl  group  which  was  the  first  point  of  at- 
tack by  the  isothiocyanate.  I/abile  products  were  obtained 
which  underwent  a  metastatic  change  into  symmetrical  thio- 
semicarbazides. 

It  might  be  expected,  like  the  above,  that  when  an  isothio- 
cyanate is  allowed  to  act  on  a  substituted  pseudothiourea  an 
analogous  reaction  would  take  place  ;  that  a  labile  product 
would  first  be  formed,  which  would  undergo  a  molecular  re- 
arrangement into  a  stable  isomer  : 

C,H,S.C<;  -fC.H.NCS     =: 

^NCeH, 

C,H,S.cf  ^    C,H,S.C/ 

CSNHCgH, 

III. 
(Labile.)  (Stable.) 

We  find  that  isothiocyanates  react  with  the  aromatic  sub- 
stituted pseudothioureas  with  extreme  smoothness.  They 
react  best  at  ordinary  temperatures  and  yield  quantitatively 
pseudodithiohiurets.  With  the  various  pseudothioureas, 
which  we  have  examined,  we  have  not  observed  the  forma- 
tion of  any  labile  products.  The  isothiocyanate  unites  with 
the  amino  radical  of  the  pseudothiourea  in  preference  to  the 
nitrogen  which  is  attached  to  the  aryl  group.  The  structure 
of  the  pseudodithiohiurets  is  shown  in  Formula  III.,  since  on 
hydrolysis  they  decompose  as  represented  in  the  following 
equation  : 

/NHCSNHCsHj 

C.H^NH,  +  CeHjNH.CS.NH.COSCjH^. 

1  Ber.  d.  chem.  Ges.,  34,  320  (1901). 
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Our  results  are  perfectly  analogous  to  those  of  McKee/ 
who  described  the  behavior  of  phenyl  isocyanate  towards  the 
oxygen  pseudoureas  : 


C,H,O.C 


NHCONHCeHj 

NCeH, 


Bertram*  has  shown  that  when  phenylthiolmethylpseudo- 
thiourea  is  treated  with  a  molecular  proportion  of  methyl 
iodide,  that  the  methyl  radical  attaches  itself  to  the  nitrogen 
atom  which  is  joined  to  phenyl  : 

/NH,  //^^ 

Theoretically,  an  analogous  addition  might  be  expected  to 
take  place  by  treating  our  pseudodithiobiurets  with  methyl 
iodide  (Formula  IV.),  or  the  methyl  radical  would  attach 
itself  to  sulphur,  giving  a  dipseudodithiobiuret  (Formula  V.). 

C  H 

'Nn.C^NCSNHCbHj,        aH5N=C— nh— c^nc.h,. 
ch/     I  I  I 

SCH,  SCH3        SCH, 

IV.  V. 

We  find  that  our  pseudodithiobiurets  add  on  methyl  iodide 
very  smoothly,  giving  products  which  are  well  crystallized 
and  easy  of  purification.  That  the  alkyl  radicals  in  these  ad- 
dition-bodies are  attached  to  sulphur  and  not  to  nitrogen  is 
proved  by  the  following  experiments  : 

I.  When  a-phenyl-«-methylthiolmethylpseudothiourea  is 
treated  with  phenyl  isothiocyanate  a  different  biuret   is  ob- 

1  This  Journal,  a6,  aog  (1901). 
'  Ber.  d.  chem.  Ges.,  as,  52. 
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tained  than  when   methyl  iodide  is  added  to  a,^-diphenyl-i- 
thiolmethylpseudodithiobiuret  :^ 


CH 
Q 


>N.C=NH  +  C.H.NCS     = 

h/     I 

SCH3 

CH 

'Nn.C^N.CSNHCHs; 

c.h/     I 

SCH3 
VI. 

(a,^-Diphenyl-«-iDethyl-i-thiol- 
methylpseudodithiobiuret. ) 

CjHgNrrC— NHCSNHCgHj  +  CH3I     = 
b.  I 

SCH3 

QHjN^C— NH— C^NC.Hg. 

SCH3         SCH3 
VII. 
(a,c-Diphenyl-i,2-thiolmethyldi- 
pseudodithiobiuret. ) 

II.  The  same  dipseudodithiobiuret  results  when  a-phenyl- 
^-orthotolyl-i-thiolmethylpseudodithiobiuret   is   treated   with 
methyl  iodide,  as  is  obtained  by  the  action  of  methyl  iodide 
on  a-orthotolyl-^-phenyl-i-thiolmethylpseudodithiobiuret : 
C^HsN^C— NHCSNHC,H,CH3(^)  +  CH3I 

SCH3  ^ 

(<?)CH3C,H,N=C— NHCSNHQH5  +  CH,I     y, 

SCH, 

CeH^NrrC— NH— C=NCeH,CH3(<7) 

SCH,        SCH3 

1  In  the  dithiobiurets  the  nitrogen  atoms  will  be  designated  alphabetically — a,  b, 

c —  ;  The  sulphur  atoms  will  be  designated  numerically — i,  2 —  : 

(a)  {b)  (c) 

RN=C NH C— NHR" 

.    I     ,  II 

SR'  S 

(I)  (2) 
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It  has  been  shown  in  previous  papers  from  this  laboratory^ 
that  when  two  of  the  radicals— S.alk—,  O.alk— ,  CO—,  CS— 
are  present  in  certain  compounds,  that  they  react  with  the 
amino  hydrogen  of  phenylhydrazine  in  the  following  order  : 

—  S.R>  — CS>-CO>— OR. 

Our  pseudodithiobiuret  seemed  suitable  for  making  a 
further  test  of  this  law,  since  both  a  mercapto  and  a  thion 
grouping  are  present.  We  found,  however,  that  our  dithio- 
biurets  reacted  abnormally  with  phenylhydrazine.  Instead  of 
reacting  to  give  triazole  derivatives  the  phenylhydrazine  sim- 
ply removed  the  mustard  oil  from  the  pseudodithiobiuret, 
forming  diphenylthiosemicarbazide. 

EXPERIMENTAlv  PART. 
By  Howard  S.  Bristol. 

a  -  Phenyl- 1 -th  iolmethylpseudodith  iobiu  ret, 
C6H5N=C(SCH3)NHCSNH,.— This  pseudodithiobiuret  has 
previously  been  mentioned  by  Tursini,^  but  he  did  not  de- 
scribe its  properties  or  give  the  melting-point  of  the  body. 
We  prepared  it  according  to  Tursini's  directions  by  treating 
phenyldithiobiuret  with  methyl  iodide  in  the  presence  of  am- 
monia. It  crystallized  fr9m  alcohol  in  long  prisms  and 
melted  at  122°.     A  nitrogen  determination  gave  : 


alculated  for 

CsHnNgSj. 

Found. 

18.66 

18.20 

a-Phenyl-2-thiolmethylpseudodithiobiuret, 
CgHjNHCSNHCCSCHJ^iNH.  —  This  pseudodithiobiuret 
was  obtained  by  allowing  phenyl  isothiocyanate  to  act  at 
ordinary  temperature  on  thiolmethylpseudothiourea.  The 
methyl  iodide  addition-product  of  thiourea  was  dissolved  in 
the  least  possible  quantity  of  water  and  the  free  pseudothio- 
urea  precipitated  with  one  molecular  proportion  of  potassium 
hydroxide.  To  this  aqueous  solution  of  the  free  base  was 
added  a  molecular  proportion  of  phenyl  isothiocyanate.  The 
mixture  was  then  allowed  to  stand,  with  occasional  shaking, 

»  This  Journal,  37,  258  (1902) ;  ap,  73  (1903). 
^  Loc.  cii. 
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for  twelve  hours  at  ordinary  laboratory  temperature.  A  white 
solid  separated  in  the  form  of  balls,  which  was  purified  by 
crystallizing  from  alcohol.  It  separated  in  the  form  of  prisms 
and  melted  with  effervesence  at  124°.  When  it  was  mixed 
with  the  above  pseudodithiobiuret  of  Tursini's,  melting  at 
122°,  the  melting-point  was  lowered  to  102°.  A  nitrogen  de- 
termination gave  : 

Calculated  for  Found. 

CsHuNaSj.  I.  11. 

N  18.66  18.53  18.56 

When  this  pseudothiobiuret  was  boiled  in  alcoholic  solution 
with  phenylhydrazine,  phenyl  isothiocyanate  was  split  off, 
yielding  diphenylthiosemicarbazide  melting  at  176°.  When 
mixed  with  pure  diphenylthiosemicarbazide  the  melting-point 
was  not  changed. 

a- Phenyl-  2-  thiolethylpseudodithiobiuret , 
CeHjNHCSNHCCSC.HJmNH.— This  dithiobiuret  was  ob- 
tained by  allowing  phenyl  isothiocyanate  to  combine  with  thiol- 
ethylpseudothiourea.  The  method  of  procedure  was  the 
same  as  in  the  preceding  preparation  of  the  methyl  derivatives. 
A  yellow  solid  was  obtained  which  separated  from  dilute 
alcohol  in  the  form  of  tables  and  melted  at  114°.  The  yield 
was  quantitative.     A  nitrogen  determination  gave  : 

Calculated  for 
C10H13N3S0.  Found. 

N  17.57  17.46 

Paratolylthiolmethylpseudothiourea, 
(;!>)CH3CeH,N=C(SCH3)NH,.— This  pseudothiourea  has  re- 
cently been  described  as  an  oil  by  Dixon, ^  who  obtained  it  by 
the  action  of  methyl  chlorformate  on  paratolylthiourea.  We 
have  obtained  the  same  pseudothiourea  in  the  form  of  its 
hydriodide  by  warming  on  the  steam-bath  paratolylthiourea 
(moistened  with  alcohol)  with  a  slight  excess  of  methyl 
iodide.  The  hydriodide  was  obtained  in  the  form  of  micro- 
scopic prisms,  and  after  crystallization  from  a  mixture  of  alco- 
hol and  ether  it  melted  with  effervescence  at  129°  to  130°. 
The  free  base  was  obtained  by  neutralizing  an  alcoholic  solu- 

1  J.  Chem.  Soc.  (London),  83,  556  (1903). 
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tion  of  the  hydriodide  with  sodium  carbonate.  It  was  ex- 
ceedingly soluble  in  alcohol  and  was  reprecipitated  by  water 
as  an  oil  which  solidified  on  long  standing.  It  crystallized 
from  petroleum  ether  in  plates  and  melted  at  65°  to  67°.  A 
nitrogen  determination  in  the  free  pseudothiourea  gave  : 

Calculated  for 

C9H12N2S.  Found. 

N  15.50  15.60 

The  hydriodide  was  analyzed  with  the  following  result  : 

Calculated  for  Found. 

C9H13N2SI.  I.  II. 

N  9.09  9.41  9.25 

a- Para  tolyl-c-phenyl-i-  thiolmeihylpseudodith  iobiuret, 
(/)CH3CeH,N=C(SCH3)NHCSNHC,H5.  —  This  was  ob- 
tained by  allowing  phenyl  isothiocyanate  to  act  for  several 
hours  at  ordinary  temperature  on  paratolylthiolmethylpseudo- 
thiourea,  which  had  previously  been  dissolved  in  ether.  By 
spontaneous  evaporation  of  the  ether,  a  crystalline  body  was 
obtained,  which  crystallized  from  alcohol  in  prisms  and 
melted  at  93°.  It  was  very  soluble  in  ether  and  warm  alco- 
hol, but  insoluble  in  benzene  and  petroleum  ether.  A  nitro- 
gen determination  gave  : 


Calculated  for 
CiaHnNgSo. 

Fou 
I. 

nd. 

II. 

13-33 

13.18 

13.20 

N 

"When  this  dithiobiuret  was  boiled  in  alcoholic  solution 
with  a  molecular  proportion  of  phenylhydrazine,  a  slow  reac- 
tion took  place  with  formation- of  diphenylthiosemicarbazide. 
It  melted  at  174°  to  175°  with  effervescence,  and  a  nitrogen  de- 
termination gave  : 


Calculated  for 
C13H13N3S. 

Found. 

17.29 

17.60 

N 

a-Paratolyl-c-phenyl-i,2-thiolmethyldipseudodithiobiuret^ 

(/>)CH3C5H,NrrC(SCH3)NHC(SCH3)  =  NCeH,. When 

a-paratolyl-^-phenyl-i  -thiolmethylpseudodithiobiuret  was 
treated  in  alcohol  with  a  molecular  proportion  of  methyl  iodide 
a  slow  reaction  took  place  with  evolution  of  heat.     After  stand- 
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ing  a  few  hours,  beautiful,  colorless  prisms  separated  which 
melted,  afterseveral  crystallizations  from  alcohol,  at  164°  with 
effervescence.  A  nitrogen  determination  agreed  with  the  calcu- 
lated for  a  methyl  iodide  addition-product.  This  hydriodide 
was  rather  difficultly  soluble  in  water,  but  very  soluble  in  warm 
alcohol.  The  free  base  was  obtained  by  treating  an  alcoholic 
solution  of  the  hydriodide  with  aqueous  ammonia.  It  waspre- 
cipitated  as  an  oil,  which  showed  no  signs  of  solidifying  after 
standing  in  an  open  dish  for  six  weeks.  A  nitrogen  deter- 
mination in  the  hydriodide  gave  : 

Calculated  for 

C1TH19N3S2.HI.  Found. 

N  9.19  9.39 

a-Paratolyl-a-methylihiolmethylpseudoihiourea, 
(CH3)(C,H,)N.C(SCH3)=:NH.— This  pseudourea  was  ob- 
tained in  the  form  of  its  hydriodide  by  allowing  methyl  iodide 
to  act  on  paratolylthiolmeth)'lpseudothiourea.  The  reaction 
takes  place  with  such  violence  that  it  is  necessary  to  use  a 
condenser.  The  methyl  iodide  addition-product  was  purified 
by  crystallizing  from  a  mixture  of  alcohol  and  ether,  and  it 
melted  at  190°  to  191°  with  effervescence.  The  free  base  was 
obtained  as  an  oil  by  neutralizing  an  aqueous  solution  of  the 
hydriodide  with  sodium  carbonate.  It  showed  no  signs  of 
crystallizing  after  standing  for  two  months.  The  free  base 
was  thoroughly  washed  with  water  and  dried  over  sulphuric 
acid.     A  nitrogen  determination  gave  : 

Calculated  for 
C10H14N0S.  Found. 

N  14.43  14-78 

A  nitrogen  determination  in  the  hydriodide  gave  : 

Calculated  for 

CJ0H14N2S.HI.  Found. 

N  8.69  9.03 

a- Para  tolyl-  a  -  methyl-  c-phenyl- 1-  th  iolm  ethylp  seudodithiobiu  ret^ 
(CH3)(C,H,)N.C(SCH3)=NCSNHCeH5.— This  dithiobiuret 
resulted  by  allowing  phenyl  isothiocyanate  to  combine  with 
a-paratolyl-a-methylthiolmethylpseudothiourea  at  ordinary 
temperature.     The  reaction  was  so  energetic  that  much  heat 
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was  evolved.  It  crystallized  from  alcohol  in  elongated  prisms 
and  melted  at  124°.  A  nitrogen  determination  by  the  Kjel- 
dahl  method  gave : 

Calculated  for 
CnHigNaSj.  Found. 

N  12.76  12.66 

The  hydriodide  of  this  base  was  prepared  by  saturating  a 
dry  benzene  solution  of  the  base  with  hydriodic  acid.  It 
separated  in  the  form  of  minute  prisms  and  melted  very 
sharply  with  effervescence  at  182°.  When  this  salt  was  mixed 
with  its  isomer — the  hydriodide  of  «-paratolyl-t-phenyl-i,2- 
thiolmethyldipseudodithiobiuret — the  mixture  gave  no  definite 
melting-point,  but  melted  all  the  way  from  162°  to  180°.  A 
nitrogen  determination  gave  : 

Calculated  for 

C17H19N3S2.HI.  Found. 

N  9.19  9.25 

By  Morgan  S.  Elmer. 

a ,  c-Diphenyl-i-thiolmethylpseudodithiobiurd, 
CeH5N=C(SCH3)NHCSNHC,H5.— This  was  obtained  by  al- 
lowing phenyl  isothiocyanate  to  act  on  phenylthiolmethyl- 
pseudothiourea  in  ether  solution  at  ordinary  temperature.  By 
spontaneous  evaporation  of  the  ether  a  crystalline  body  was  ob- 
tained, which  crystallized  from  alcohol  in  transparent,  dog- 
tooth prisms  and  melted  at  101°.  A  nitrogen  determination 
gave : 


Calculated  for 
CisHisNsSj. 

Found. 

13-95 

14-45 

N 

Thiohnethyl  Ester  of  Phenylthioallophanic  Acid, 
CgHjNHCSNHCOSCHg.— This  ester  was  obtained  by  warm- 
ing on  the  steam-bath  a,c-diphenyl-i-thiolmethylpseudodi- 
thiobiuret  with  50  per  cent  hydrochloric  acid  until  complete 
solution  was  effected.  Mercaptan  was  slowly  evolved  during 
the  digestion.  Upon  cooling  the  acid  solution,  a  mixture  of 
plates  and  prisms  separated.  After  several  crystallizations 
from  toluene,  and  then  from  chloroform,  a  body  was  obtained 
which  melted  sharply  at  157°  to  158°  with  effervescence.     It 
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crystallized  from  chloroform  in  plates  and  a  nitrogen  deter- 
mination gave  : 

Calculated  for 
C9H10ON2S2.  Found. 

N  12.40  12.68 

a ,  c-Diphenyl-i ,  Q-thiolmethyldipseudodithiobiuret, 
C6H5N=C(SCH3)NHC(SCH3)  =  NCeH5.— This  base  was  ob- 
tained in  the  form  of  its  hydriodide  by  allowing  methyl  iodide 
to  combine  with  a,^-diphenyl-i-thiolmethylpseudodithiobiuret. 
The  salt  crystallized  from  alcohol  in  stout  prisms  and  melted 
with  effervescence  at  154°  to  155°.  An  iodine  determination 
gave: 

Calculated  for 
C16H13N3S2I.  Found. 

I  2.86  2.73 

By  treating  an  alcoholic  solution  of  this  hydriodide  with  a 
solution  of  sodium  carbonate  the  free  base  was  immediately 
precipitated  in  the  form  of  colorless,  needle-like  prisms.  It 
was  recrystallized  from  alcohol  and  melted  at  103°  to  104°.  A 
nitrogen  determination  gave  : 

Calculated  for 
CieHnNsSo.  Found. 

N  13.33  13-56 

a,c-Diphenyl-a-methyl-i-thiolmethylpseudodithiobiuret, 
(CH3)(C,H5)N— C(SCH3):=NCSNHC6H5.  —This  pseudodi- 
thiobiuret  resulted  when  phenyl  isothiocyanate  was  allowed 
to  combine  with  a-phenyl-«-methylthiolmethylpseudothiourea 
in  ethereal  solution.  A  colorless  solid  was  formed  which 
crystallized  from  alcohol  in  stout  prisms  and  melted  at  133°  to 
134°,     A  nitrogen  determination  gave  : 

Calculated  for 
C16H17N3S2.  Found. 

N  13.33  13-38 

a,c-Diphenyl-i-thiolbenzylpseudodithiobiuret, 
CsHjN^CCSCHjCgHJNHCSNHCeHj.— Thispseudodithiobi- 
uret  was  obtained  by  the  action  of  phenyl  isothiocyanate  on 
phenylthiolbenzylpseudothiourea.  The  reaction-product  was 
an  oil,  which  finally  solidified  after  standing  about  twenty- 
four  hours.     It  crystallized  from  alcohol  in  colorless  prisms 
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and  melted  at  98°  to  100°.     It  was  soluble  in  benzene  and  in- 
soluble in  water.     A  nitrogen  determination  gave  : 

Calculated  for 
CaiHigNsSa.  Found. 

N  II. 14  11.22 

Phenylthiolbenzylpseudothiourea  and  Benzoyl  Isothiocyanate. — 
Among  the  isothiocyanates  which  we  used  in  our  investiga- 
tions was  included  benzoyl  isothiocyanate.  While  the  plain 
aryl  isothiocyanates  reacted  with  pseudothioureas  generally 
very  slowly  with  formation  of  colorless  derivatives — dithio- 
biurets — benzoyl  isothiocyanate  reacted  with  such  violence 
that  it  was  necessary  to  dilute  largely  with  benzene  or  ether 
in  order  to  obtain  a  smooth  reaction.  It  gave  strong  yello'w- 
or  orange-colored  derivatives,  which  were  more  insoluble  in 
the  ordinary  solvents  than  the  dithiobiurets,  and  were  insolu- 
ble in  alkali. 

When  phenylthiolbenzylpseudothiourea  was  dissolved  in 
benzene  and  treated  with  benzoyl  isothiocyanate,  so  much 
heat  was  evolved  that  it  was  necessary  to  connect  with  a  con- 
denser in  order  to  prevent  evaporation  of  the  benzene.  An 
oil  separated  from  the  benzene  which  finally  solidified  to  a 
beautiful,  yellow  body.  It  crystallized  from  benzene  in  beau- 
tiful, yellow,  stocky  prisms  and  melted  at  190°  to  191°.  It 
was  insoluble  in  warm  alcohol  and  water.  Nitrogen  and  sul- 
phur determinations  indicated  that  we  were  not  dealing  here 
with  a  plain  addition-product : 

CeH5N=C(SCH,C,H5)NHCSNHCOC,Hj. 


Calculated  for 
C22H19ON3S2.        (C22H17N3S2.) 

Found. 
I.                      II. 

N 
S 

10.37                   10-85 
15.80                  16.54 

10.88             11.07 
17.24 

The  analytical  determinations  agreed  favorably  with  the 
calculated  for  a  triazine  derivative.  This  could  result  by  the 
loss  of  a  molecule  of  water  from  the  addition-product  of  the 
isothiocyanate  and  pseudothiourea.  Two  isomeric  triazines 
are  theoretically  possible,  depending  on  the  point  of  attack  of 
the  isothiocyanate  in  the  pseudourea.     Which  one  of  the  two 
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possible   forms  we   are   dealing   with   must   be    decided    by 
further  investigations. 

C.C.H,  C.C.H, 

N  N/     ^N 


CeH,.N 
QHjCHjSC 


CS 


CeHjCH.SC 


CS 


NC,H, 


By  William  B.  Cramer. 


Orthoiolylthiolmethylpseudothiourea, 
(^)CH,C6H,N=C(SCH3)NH,.— Dixon'     has     recently     de- 

1  Loc.  cit. 

scribed  this  pseudothiourea.  We  prepared  the  same  by  add- 
ing methyl  iodide  to  orthotolylthiourea.  It  agreed  in  every 
respect  with  Dixon's  body  and  melted  at  101°.  A  nitrogen 
determination  gave : 


Calculated  for 

C9H12N2S. 

Found. 

15.55 

15-95 

N 

a-  Orthotolyl-c-phenyl-i-thiolmethylpseudodithiohiuret, 
((?)CH,C,H,N=C(SCH3)NHCSNHC8H5.— From  the  action 
of  phenyl  isothiocyanate  on  orthotolylthiolmethylpseudothio- 
urea  in  ether  solution.  It  separated  in  beautiful  prismatic 
crystals  and  crystallized  from  alcohol  in  magnificent  plates. 
It  was  insoluble  in  water  and  melted  at  114°  to  115°.  A 
nitrogen  determination  gave  : 


Calculated  for 
C16H17N3SJ. 


Found. 


N 


13-33  13-09 

a-  Orthotolyl-c-phenyl-i ,  2-  thiolmethyldipseudodithiobiuret, 
CH,C,H,N=C(SCH3)NHC(SCH,):=::NC5H5.— This  base  was 
obtained  in  the  form  of  its  hydriodide  by  warming  on 
the  steam-bath  «-orthotolyl-c-phenyl-i-thiolmethylpseudodi- 
thiobiuret  with  the  calculated  quantity  of  methyl  iodide.  The 
hydriodide  melted  with  effervescence  at  147°  to  148°.  The 
free  base  was  obtained  by  treating  an  alcoholic  solution  of  the 
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salt  with  sodium  hydroxide.  It  was  fairly  soluble  in  alcohol 
and  extremely  soluble  in  benzene.  It  crystallized  from  alco- 
hol in  stout  prisms  and  melted  at  70"  to  71°.  A  nitrogen  de- 
termination gave  : 

Calculated  for 
CnHisNaSj.  Found. 

N  12.76  13.06 

a-Phenyl-c-orthotolyl-i-thiolmethylpseudodithiohiuret^ 
CeH,N=C(SCH3)NHCSNHC,H,CH3.— This  biuret  was  very 
easily  obtained  by  combining  orthotolyl  isothiocyanate  with 
phenylthiolmethylpseudothiourea.  The  reaction  was  allowed 
to  proceed  in  ether  solution  at  ordinary  temperature.  After 
evaporation  of  the  ether  there  was  obtained  a  crystalline  resi- 
due, which  crystallized  from  alcohol  in  plates  and  melted  at 
114°  to  115°.  When  this  pseudodithiobiuret  was  mixed  with 
a-orthotolyl-r-phenyl-i-thiolmethylpseudodithiobiuret  (114°  to 
115°)  the  melting-point  was  lowered  to  ioo°  to  103°.  A 
nitrogen  determination  gave  : 

Calculated  for 
C16H17N3SS.  Found. 

N  13.33  13-49 

When  the  above  biuret  was  warmed  with  a  slight  excess  of 
methyl  iodide  an  immediate  reaction  took  place  with  forma- 
tion of  an  addition-product.  By  treating  this  addition-prod- 
uct with  an  alcoholic  solution  of  sodium  hydroxide  a  base  was 
immediately  precipitated,  which  crystallized  from  alcohol  in 
prisms  and  melted  sharply  at  70°  to  71°.  When  this  was 
mixed  with  a-orthotolyl-^-phenyl-i,2-thiolmethyldipseudodi- 
thiobiuret  (m.  p.  70°  to  71°)  the  melting-point  was  not  altered. 
A  nitrogen  determination  agreed  with  the  calculated  for 

CH3C,H,N=C(SCH3)NHC(SCH3)=NCeH5. 

Calculated  for 
CnHisNsSj.  Found. 

N  12.76  12.88 

a-Orthotolyl-c-phenyl-i-thiolethylpseudodithiobiuret, 
CHj.C.H.N^CCSC.HJNHCSNHCjHj.— From    phenyl    iso- 
thiocyanate and  orthotolylthiolethylpseudothiourea.     It  crys- 
tallized from  dilute  alcohol  in  plates  and  melted  at  117°  to 
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1 1 8°.     It  was  readily  soluble   in  alcohol,  but  insoluble  in 
water.     A  nitrogen  determination  gave  : 

Calculated  for 
C17H19N3S2.  Found. 

N  12.76  12.50 

When  the  above  dithiobiuret  was  warmed  on  the  steam- 
bath  with  50  per  cent  hydrochloric  acid,  mercaptan  was  slowly 
given  off.  On  cooling  the  acid  solution,  a  mass  of  plates  sepa- 
rated, which  crystallized  from  alcohol  in  plates  or  thick  tables 
and  melted  at  131°  to  132".  A  nitrogen  determination  agreed 
with  the  calculated  for  the  thiolethyl  ester  of  phenylthioallo- 
phanic  acid,  CeHjNH.CSNHCOSCjHj. 


Calculated  for 

CioHisONjSj. 

Found. 

11.66 

11.65 

N 

a-Phenyl-c-orthotolyl-i-thiolethylpseudodithiobmrety 
CsH5N=C(SC,H5)NHCSNHCeH,.CH3.— It  was  necessary  to 
allow  phenylthiolethylpseudothiourea  and  orthotolyl  isothio- 
cyanate  to  stand  in  ether  solution  for  several  days  before  the 
reaction  was  complete.  A  thick  varnish  was  obtained,  which 
finally  was  made  to  crystallize  by  agitation  in  a  freezing- 
mixture.  It  crystallized  from  alcohol  in  plates  and  melted  at 
95°  to  96°.     A  nitrogen  determination  gave  : 

Calculated  for 
C17H19N3SJ.  Found. 

N  12.76  13-03 

a,c-Diphenyl-i-thiolethylpseudodithiobiuret, 
CeH5N=C(SC,H,)NHCSNHCeH5.— From  phenyl  isothiocyan- 
ate  and  phenylthiolethylpseudothiourea.     It  crystallized  from 
alcohol  in  plates  and  melted  at  91°  to  93°.     A  nitrogen  deter- 
mination gave  : 

Calculated  for 
C16H17N3S2.  Found. 

N  13.33  12.99 

a,c-Diorthotolyl-i-thiolethylpseudodithiobiurei, 
CH,.C,H,N=C(SC,H3)NHCSNHC6H,CH3.  —  From     ortho- 
tolyl isothiocyanate  and  orthotolylthiolethylpseudothiourea.   It 
crystallized  from  alcohol  in  prisms  and  melted  at  86°  to  87°. 
A  nitrogen  determination  gave  : 
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Calculated  for 
C18H21N3S2.  Found. 

N  12.24  12.41 

a,c-Diorthotolyl-i-thiolmethylpseudodithiobiuret, 
CH,.QH,N=:C(SCH,)NHCSNHCeH,.CH3.— Fromorthotolyl 
isothiocyanate  and  orthotolylthiolmethylpseudothiourea.     It 
crystallized  from  alcohol  in  plates  and  melted  at  122°  to  123°. 
A  nitrogen  determination  gave  : 

Calculated  for 
CnHigNsSo.  Found. 

N  12.76  13.16 

New  Haven,  Conn., 
May  22,  1903. 
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CIX.— ON  SOME  MANGANIC  PERIODATES.^ 

By  W.  B.  Price. 

Although  Rammelsberg''  has  asserted  that  periodate  of  man- 
ganese does  not  exist,  I  have  found  that  the  following  com- 
pounds can  be  easily  prepared  : 

Na,Mn,IAi ; 
KjMnJjOii ; 
and  HjjMnJ^Ou- 

These  salts  form  beautiful,  bright-red  precipitates,  which 
are  exactly  alike  in  appearance  and  are  remarkably  stable  in 
the  absence  of  reducing  agents,  since  they  are  apparently  en- 
tirely insoluble  and  unchanged  when  treated  with  boiling 
water,  boiling  dilute  or  concentrated  nitric  acid,  and  boiling 
dilute  sulphuric  acid. 

The  compounds  are  formed  as  exceedingly  finely-divided 
precipitates  when  a  solution  of  manganous  sulphate  or  nitrate 
containing  a  large  amount  of  dilute  sulphuric  or  nitric  acid  is 
mixed  with  a  sulphuric  or  nitric  acid  solution  of  sodium  or 
potassium  periodate,  or,  in  the  last  case,  with  periodic  acid. 
The  precipitates  come  down  after  the  lapse  of  some  time  in 
cold  solutions,  but  rapidly  upon  heating  to  about  45°.     Under 

*  Communicated  by  H.  I,.  Wells. 

*  Pogg.  Ann.,  134,  528  (1868). 
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certain  conditions  the  bright-red  precipitates,  when  in  contact 
with  the  mother-liquor,  become  darker  in  color,  evidently 
from  the  formation  of  manganese  dioxide.  This  decomposi- 
tion is  much  hastened  by  heating  above  45°,  and  it  appar- 
ently depends  upon  the  presence  of  an  excess  of  manganous 
salt,  which  acts  as  a  reducing  agent.  It  is  generally  best, 
therefore,  when  an  excess  of  manganese  salt  is  used,  to  avoid 
heating  more  than  necessary,  and  to  separate  the  precipitate 
from  the  liquid  by  filtration  as  promptly  as  possible. 

It  is  evident  that  Rammelsberg  failed  to  get  one  of  these 
compounds  on  account  of  using  nearly  neutral  instead  of 
strongly  acid  solutions. 

The  periodates  under  consideration,  in  containing  the  radi- 
cal IjOji,  correspond  to  a  number  of  simple  salts  of  bivalent 
metals  which  Rammelsberg  prepared  and  called  "  quarter- 
periodates."  Taking  the  sodium  salt  as  an  example,  the  for- 
mula, in  terms  of  the  oxides,  is 

Na,O.Mn,0,.IA. 
or,  in  terms  of  two  assumed  separate  salts,  it  is  ( 

Na^IAi-Mn^lIAi),- 

It  is  certainly  remarkable  that  compounds  which  are  appar- 
ently so  basic  in  their  character  as  these  should  form  in  very 
acid  solutions. 

In  examining  these  compounds  analytically  no  direct  test  for 
periodates  could  be  made,  because  the  substances  could  not 
be  dissolved  without  decomposing  them.  For  determining 
the  metals  and  iodine  they  were  dissolved  in  sulphur  dioxide 
solution,  and  the  usual  gravimetric  methods  were  used.  Ac- 
tive oxygen  was  determined  in  separate  portions  by  treatment 
with  potassium  iodide  solution  and  titration  with  nearly  deci- 
normal  sodium  thiosulphate.  The  following  analyses  were 
made : 


Calculated  for 

Found. 

Na2Mnol20ii- 

I. 

II. 

III. 

Na 

7-85 

9.40 

7.78 

5.82 

Mn 

18.77 

18.41 

18.43 

16.73 

I 

43-34 

.... 

42.93 

40.90 

Active  0 

24-57 

24-55 

24-59 

22.24 

1 84  U^e/ls. 

Sample  I.  was  made  in  the  presence  of  a  very  large  amount 
of  sodium  salts  and  was  probably  not  washed  completely  free 
from  them  ;  Sample  II.  was  perhaps  purer  than  the  others  ; 
Sample  III.  was  probably  dried  only  in  the  desiccator,  while 
the  others  were  dried  in  a  steam-oven.  Hence,  it  seems  pos- 
sible that  the  salt  as  formed  contains  water  of  crystallization, 
which  is  lost  at  ioo°,  but  this  point  was  not  settled. 


Calculated  for 

Found. 

KaMnoIjOu. 

[. 

II. 

III. 

K 

12,64 

12 

.04 

11.92 

8.32 

Mn 

17.79 

17 

.11 

16.89 

16.98 

I 

41.08 

41 

.96 

42.41 

40.41 

Activ 

eO 

23,29 

23 

.98 

24,46 

23.37 

It  should  be  stated  that  Analysis  III.  of  both  the  sodium 
and  potassium  compounds,  in  which  the  alkali  metal  found  is 
lower  than  in  the  others,  was  made  with  products  which  were 
probably  prepared  in  the  presence  of  a  much  greater  excess  of 
free  acid  than  in  the  other  cases.  It  appears  possible,  there- 
fore, that  the  alkali  metal  may  be  replaced  by  hydrogen  to 
some  extent  by  the  action  of  a  large  excess  of  acid. 

The  only  analytical  evidence  which  has  been  obtained  in 
regard  to  the  existence  of  H^MnJjOii  is  the  determination  of 
alkalies  in  a  substance,  made  from  a  manganous  salt  and 
periodic  acid,  which  resembled  exactly  the  sodium  and  potas- 
sium compounds.  The  amount  of  alkali-metal  sulphates 
found  was  only  0.29  per  cent. 

New  Haven,  Conn.,  May,  1903. 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

ex.  —  ON     RUBIDIUM-BARIUM-SII.VER     THIO- 
CYANATES. 

By  Horace  L.  Wells. 

The  triple  thiocyanates, 

CSjBaAg.CSCN),, 
CsjBaCu.fSCN),, 
and  K,BaAg,(SCN)3.H,0, 

which  were  prepared  by  me  last  year,^  show  a  disagreement 

1  This  Journal,  a8,  245. 
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in  type  between  the  caesium  and  potassium  compounds.  It 
was  of  interest,  therefore,  to  know  what  similar  triple  com- 
pounds would  be  formed  by  rubidium,  the  metal  intermediate 
between  caesium  and  potassium. 

As  a  result  of  the  investigation  of  this  matter,  it  has  been 
found  that  a  rubidium-barium-silver  thiocyanate, 

Rb,BaAg,(SCN)3.H,0, 

exists,  which  corresponds  to  the  potassium  salt,  and  that  an- 
other salt, 

Rb,BaAg,(SCN),.2(?)H,0, 

can  be  prepared.  The  latter  is  not  analogous  to  the  caesium 
salts,  but  corresponds  to  a  type  which  was  not  previously 
found  with  barium,  but  which  appears  as  the  most  frequently 
occurring  type  in  the  salts, 

Cs,CaAg,(SCN)e.2H,0, 
Cs,MgAg,(SCN),.2H,0, 
Cs,MnAg,(SCN),.2H,0, 
Cs,NiAg,(SCN)g.2H,0, 
Cs,NiCu,(SCN)g.2H,0, 
Cs,CoAg,(SCN)3.2H,0, 
Cs,CdAg,(SCNX.2H,0, 
and  Cs,CdAg,(SCN)e. 

The  two  rubidium  salts  under  consideration  are  very  solu- 
ble, crystallize  poorly,  and  hence  are  difficult  to  produce  in  a 
satisfactory  condition.  They  were  prepared  under  practically 
the  same  conditions,  and  it  is  not  known  what  is  the  cause  of 
the  appearance  of  one  instead  of  the  other  in  a  solution. 

Attempts  to  make  a  rubidium-barium-cuprous  thiocyanate 
were  entirely  unsuccessful,  for  appropriate  solutions  for  pre- 
paring such  a  compound  evaporated  over  sulphuric  acid  to 
transparent,  solid  masses  without  showing  signs  of  crystalliza- 
tion. 

4.  :  1 :  2,  Rubidium,- Barium- Silver  Thiocyanate, 
Rb^BaAgj(SCN)8.H,0.— A    solution    containing     rubidium, 
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barium,  and  silver  thiocyanates  in  the  molecular  proportion 
3:1:2  was  evaporated  over  sulphuric  acid.  When  the  liquid 
had  become  very  dense  a  product  was  formed  which  was  too 
unsatisfactorily  crystallized  to  be  used  for  analysis.  After  a 
considerable  quantity  of  it  had  formed,  therefore,  it  was  drained 
as  far  as  possible  from  the  thick  mother-liquor  by  suction  on  a 
platinum  cone,  and  then  it  was  dissolved  in  water  and  the 
solution  was  evaporated  over  sulphuric  acid.  This  solution 
did  not  form  good  crystals  readily,  but  after  repeated  trials  a 
crop  of  large,  transparent,  prismatic  crystals  was  obtained. 
These  crystals  were  not  well  formed  and  their  crystalline  form 
was  not  determined.  No  other  crop  of  this  salt  could  be  ob- 
tained, although  several  attempts  were  made  to  get  it ;  hence 
the  evidence  of  its  existence  is  confined  to  the  analysis  of  the 
single  crop,  but  the  correspondence  of  the  composition  to  that 
of  the  potassium  salt  considerably  strengthens  the  evidence. 
The  results  of  the  analysis  are  as  follows  : 


Calculated  for 

RbiBaAg2(SCN)6.H20. 

Found. 

Rb 

29.02 

.... 

Ba 

11.68 

12.36 

AgSCN 

28.20 

28.20 

Sol.  SCN 

29.57 

29.30 

H,0 

1.53 

1.25 

2 : 1 :  2^  Rubidium- Barium- Silver  Thiocyanate, 
Rb2BaAg2(SCN)5.2(?)HjO.— When  attempts  were  made  to 
prepare  other  crops  of  the  4:1:2  salt  under  the  same  and 
considerably  varying  conditions,  in  respect  to  the  mixtures 
used,  and  when  recrystallizations  were  made  of  the  first  crude 
crops  as  in  the  case  described,  three  fairl}^  satisfactory  crops 
were  obtained,  but  they  showed  a  composition  entirely  differ- 
ent from  the  original  one.  There  is  doubt  about  the  amount 
of  water  in  this  compound,  for  the  crops,  when  well  pressed 
upon  filter-paper,  became  very  wet  when  preserved  in  a  corked 
tube  and  needed  to  be  dried  again  before  they  were  analyzed, 
and  when  air-dried  the  substance  became  somewhat  opaque, 
evidently  from  loss  of  water.  About  i  molecule  of  water,  or 
somewhat  less,  remained  in  the  samples,  but  since  some  water 
had  been  lost,  it  is  assumed  from  analogy  with  other  salts  of 
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this  type  that  the  original  amount  of  water  was  probably  2 
molecules.  The  crops  were  not  well  crystallized,  but  they 
appeared  to  be  homogeneous. 

The  following  analyses  were  made  with  air-dry  samples. 
The  calculation  is  made  for  i  molecule  of  water,  since  this 
was  approximately  the  amount  present : 


Calculated  for 

Found. 

Rb2BaAg2(SCN)6.H20.       I. 

II. 

III. 

Rb 

19.19 

.... 

.... 

.... 

Ba 

15-45 

13.88 

14.61 

13.49 

AgSCN 

37-29 

36.07 

36.68 

37-11 

Sol.  SCN 

26.06 

26.06 

26.16 

25-98 

H,0 

2.02 

2.32 

1. 01 

1-57 

New  Haven,  Conn.,  May,  1903. 


THE    VOLUMETRIC    DETERMINATION    OF     MER- 
CURY AND  OF  HYDROCYANIC  ACID. 

By  Launcelot  W.  Andrews. 

It  is  a  familiar  fact  that  hydrocyanic  acid  is  a  "  pseudo- 
acid"  which  possesses  no  acid  reaction  at  all  toward  many 
indicators,  as  methyl  orange,  nitrophenol,  etc.,  and  which 
cannot  be  acidimetrically  titrated  even  with  the  aid  of  extremely 
acid-sensitive  indicators,  such  as  phenolphthalein  or  toluylene- 
red.  If  silver  nitrate  is  added  to  a  solution  of  hydrocyanic 
acid  a  quantitative  precipitation  of  silver  cyanide  occurs,  and 
if  the  silver  salt  is  in  excess,  an  amount  of  nitric  acid  is  set 
free  equivalent  to  the  hydrocyanic  acid  used.  Titration  of 
the  nitric  acid  by  the  aid  of  any  suitable  indicator,  such  as 
paranitrophenol,  leads  to  a  knowledge  of  the  amount  of  hy- 
drocyanic acid  originally  present.  The  process  is  accurate 
but  not  especially  convenient.  The  precipitated  silver  cyanide 
may  retain  free  hydrocyanic  acid  or  silver  nitrate,  or  both,  ac- 
cording to  the  conditions  of  the  precipitation,  semipermeable 
"cells"  being  formed  which  give  up  their  contents  very 
slowly  by  long-continued  washing,  and  which  continue  to  ex- 
hibit an  acid  reaction  even  after  washing  with  excessive 
amounts  of  water.  This  difficulty  can  be  brought  within 
bounds   by   precipitating   from   highly   dilute  solutions.     It 
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might  be  thought  possible  to  titrate  the  free  nitric  acid  di- 
rectly, without  filtering  from  the  precipitate,  and  such  is  in 
fact  the  best  mode  of  proceeding.  Nitrophenol  is  a  good  in- 
dicator for  the  purpose,  although  methyl  orange  may  be  used. 
Lacmoid  forms  an  insoluble  compound  (silver  salt?)  which 
disturbs  the  sharpness  of  the  end-reaction.  If  the  hydro- 
cyanic acid  is  in  excess  and  silver  nitrate  from  a  known 
amount  of  metallic  silver  is  employed,  an  exactly  determinate 
quantity  of  nitric  acid  will  be  set  free,  and,  hence,  the  titra- 
tion can  be  used  for  the  standardizing  of  acidimetric  alkali 
solutions,  the  object  with  which  the  experiments  were  origi- 
nally undertaken.  The  advantage  of  using  pure  metallic  sil- 
ver as  the  standard  is  obvious,  but  the  diflSculties  referred  to 
above,  lying  in  the  character  of  the  precipitate,  appear  here 
also,  in  an  aggravated  form.  The  attempt  to  titrate  the  free 
nitric  acid  without  filtering  from  the  silver  cyanide  meets 
with  almost  insuperable  difficulties  when  the  solution  contains 
an  excess  of  hydrocyanic  acid. 

In  this  case,  as  soon  as  the  free  nitric  acid  is  neutralized, 
the  complex  salt,  potassium  argentocyanide,  KAgCy,,  begins 
to  form  in  accordance  with  the  reaction 

HCN  H-  AgCN  +  KOH  =  KAg(CN),+  H,0. 

Potassium  argentocyanide  is  a  neutral  salt,  so  that  the  re- 
action of  the  solution  changes  from  acid  to  neutral  as  excess 
of  potassium  hydroxide  is  added,  instead  of  from  acid  to  alka- 
line, and  remains  neutral  until  all  hydrocyanic  acid  is  con- 
verted into  potassium  argentocyanide.  At  the  same  time,  the 
silver  nitrate  occluded  in  the  precipitate  slowly  diffuses 
out,  reacting  as  it  does  so  with  the  hydrocyanic  acid.  It  is 
therefore  necessary  to  filter  before  titrating,  and  previous  to 
the  filtration  a  digestion  for  at  least  twenty-four  hours  is 
necessary,  during  which  time  the  precipitate  must  be  agitated 
with  the  solution.  It  is  not  thought  worth  while  to  give  the 
details  of  the  long  series  of  experiments,  since  the  final  result 
is  that  the  method,  while  capable  of  a  high  degree  of  accuracy 
when  all  precautions  are  observed,  does  not  possess  the  sim- 
plicity which  can  be  demanded  of  such  a  process. 
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It  appeared  to  the  writer  to  be  a  question  as  to  how  far  the 
completeness  of  the  reaction  between  hydrocyanic  acid  and 
silver  nitrate  is  due  to  the  insolubility  of  silver  cyanide,  and 
how  far  to  its  being,  possibly,  a  compound  not  subject  to 
electrolytic  dissociation,  that  is,  not  a  true  salt  at  all.  If  the 
latter  were  the  dominant  factor,  it  should .  be  possible  to  se- 
cure a  practically  complete  reaction  between  mercuric  nitrate 
or  chloride  and  hydrocyanic  acid,  since  mercuric  cyanide  is 
well  known  to  be  a  non-dissociated  compound.  If  methyl 
orange  is  added  in  small  quantity  to  a  solution  of  pure  mer- 
curic chloride  and  also  to  a  solution  of  hydrocyanic  acid,  both 
solutions  remain  pure  yellow,  showing  no  trace  of  acid  reac- 
tion. If  the  solutions  are  now  mixed  together,  they  turn 
bright-red.  The  experiment  makes  a  striking  lecture  experi- 
ment illustrative  of  the  theory  of  electrolytic  dissociation. 
Nitrophenol,  lacmoid  paper,  or  even  a  rather  insensitive, 
strongly  blue,  litmus  paper  can  be  used  instead  of  methyl 
orange  to  show  the  liberation  of  hydrochloric  acid,  i.  e.,  the 
production  of  hydrogen  ions.     The  reaction, 

HgCl,  4-  2HCN  r:r  Hg(CN),  +  2HCI, 
is  not  instantaneous,  but  is  practically  complete,  and  the  dis- 
turbing factors  mentioned  above  as  occurring  in  the  reaction 
between  silver  salts  and  hydrocyanic  acid,  are  absent.  It 
appears,  therefore,  probable  that  silver  cyanide  also  is  a  non- 
dissociated  compound,  and  that  the  so-called  "  elective 
affinity"  between  cyanogen  and  silver  is  a  phenomenon  due 
to  this  fact  rather  than  to  the  low  solubility  of  silver  cyanide, 
a  supposition  with  which  the  known  fact  that  an  alkali 
cyanide  reacts  quantitatively  with  silver  chloride  to  form  sil- 
ver cyanide  is  in  the  best  of  harmony. 

The  possibility  of  the  application  of  these  relationships  to 
the  acidimetric  titration  of  mercury  or  of  hydrocyanic  acid 
and  the  cyanides  lies  very  near.  In  the  sequel  it  is  shown 
that  the  possibility  can  easily  be  realized.  It  may  be  said 
that  no  new  method  for  the  titration  of  hydrocyanic  acid  is 
needed,  since  that  of  Liebig,^  as  modified  by  Denig6s,*answers 

1  Ann.  Chem.  (Liebig),  77,  102  (1S51). 
*  Ann.  chim.  phys.  [7],  6,  381  (1895). 
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all  practical  requirements.  It  is  to  be  noted,  however,  that 
the  application  of  Liebig's  method  requires  a  perfectly  clear 
solution,  whereas  pharmaceutical  preparations  of  hydrocyanic 
acid  are  frequently  turbid.  The  addition  of  a  new  and  con- 
venient method  of  titration  to  the  small  number  of  those  al- 
ready known  for  the  determination  of  mercury  cannot  be  re- 
garded as  a  work  of  supererogation,  especially  when  the  new 
method,  as  is  the  case  with  that  described,  is  applicable  to 
the  determination  of  mercuric  chloride  in  the  highly  dilute 
solutions  of  that  substance  employed  by  surgeons. 

Determination  of  Hydrocyanic  Acid  and  Cyanides. 

For  this  determination  the  following  solutions  are  required  : 
a,  decinormal  solutions  of  hydrochloric  acid  and  of  potassium 
(or  sodium)  hydroxide  ;  b,  a  nearly  saturated  solution  of 
mercuric  chloride,  containing  about  40  grams  of  the  pure  re- 
crystallized  salt  per  liter.  The  exact  strength  of  this  solu- 
tion need  not  be  known  ;  c,  a  saturated  solution  of  pure  para- 
nitrophenol  in  water.  This  is  to  be  preferred  to  the  solution 
in  alcohol  often  recommended  as  an  indicator.  The  aqueous 
solution  keeps  indefinitely  in  the  light  or  in  the  dark. 

To  determine  hydrocyanic  acid  or  a  simple  cyanide,  dilute 
the  solution  till  it  contains  not  more  than  about  i  per  cent  of 
hydrocyanic  acid  and  add  2  drops  of  nitrophenol  solution.  If 
this  imparts  a  yellow  color,  add  decinormal  hydrochloric  acid 
until  the  color  has  all  but  disappeared  ;  if  it  is  colorless,  add 
decinormal  potassium  hydroxide  till  the  solution  shows  a  very 
pale  yellow.  Now,  add  an  excess  of  the  mercuric  chloride 
solution  (usually  15  or  20  cc),  stir  and  allow  to  stand  for  one 
hour  at  the  temperature  of  the  air. 

A  solution  of  hydrocyanic  acid  which  had  by  gravimetric 
analysis  been  found  to  contain  3.40  per  cent,  was  analyzed  by 
the  above  method.  For  that  purpose,  50  cc.  was  measured 
by  a  pipette  into  a  500 cc.  flask,  filled  to  the  mark,  and  shaken. 
Five  cc.  of  this  solution  were  mixed  with  10  cc.  of  an  ap- 
proximately decinormal  mercuric  chloride  solution,  allowed 
to  stand  for  an  hour,  and  then  titrated  as  described.     Re- 
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quired,  6.30  cc.  of  N/io  KOH,  equivalent  to  0.01704  gram  of 
hydrocyanic  acid,  or  3.408  per  cent  found. 

Twenty  cc.  of  the  same  solution  were  mixed  with  10  cc.  of 
an  approximately  4  per  cent  mercuric  chloride  solution  and 
the  liquid  allowed  to  stand  three  hours.  Required,  25.03  cc. 
of  decinormal  potassium  hydroxide,  equivalent  to  0.0677 
gram  of  hydrocyanic  acid  or  3.385  per  cent  (on  original  solu- 
tion) found. 

From  the  original  solution  was  prepared,  by  suitable  dilu- 
tion, a  semi-normal  hydrocyanic  acid  solution,  containing,  by 
calculation,  13.52  grams  per  liter.  Five  cc.  of  this  solution 
were  mixed  with  33  cc.  of  the  last- mentioned  mercuric  chloride 
solution,  and,  after  standing  fifteen  minutes,  were  titrated  in 
the  usual  way.  Required,  24.78  cc.  of  decinormal  potassium 
hydroxide,  equivalent  to  0.06703  gram  of  hydrocyanic  acid 
or  1.34  per  cent  found.  The  small  deficit  observed  here  is 
probably  due  to  a  slight  volatilization  of  hydrocyanic  acid 
during  the  manipulations  incidental  to  dilution  and  exposure. 

Determination  of  Mercury. 

The  only  solution  required,  in  addition  to  those  mentioned 
above,  is  an  approximately  normal  solution  of  hydrocyanic 
acid  neutral  to  nitrophenol.  Such  a  solution  may  be  con- 
veniently prepared  in  the  following  way  without  distillation  : 
Dissolve  68  to  80  grams  of  the  best  commercial  potassium 
cyanide  in  0.5  liter  of  water,  add  about  5  grams  of  barium 
chloride  in  saturated  solution,  and  filter,  thus  removing  car- 
bonates which  would  interfere  with  the  exact  neutralization. 
To  the  filtrate  add  about  10  cc.  of  the  nitrophenol  solution 
{vide  supra),  and  then  dilute  sulphuric  acid  till  the  yellow 
color  has  become  pale,  finishing  the  neutralization  with  deci- 
normal hydrochloric  acid.  Finally,  make  up  to  a  liter,  dis- 
regarding the  barium  sulphate  which  may  be  allowed  to  sub- 
side. This  solution  should  contain  about  27  grams  of  hydro- 
cyanic acid  and  be  colorless. 

The  mercury  to  be  determined  must  be  present  as  mercuric 
chloride  (or  bromide  ?) .  If  in  the  form  of  nitrate,  a  small  ex- 
cess of  sodium  chloride  is  added.     Organic  acids  must  be  ab- 
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sent.  It  is  next  to  be  made  neutral  by  addition  of  nitro- 
phenol,  avoiding  undue  excess,  and  hydrochloric  acid  till  the 
yellow  color  is  just  on  the  point  of  disappearing.  To  the 
solution  so  prepared  an  excess  of  the  neutral  hydrocyanic 
acid  solution  is  added  and  the  mixture  set  aside  for  not  less 
than  one  hour  for  the  completion  of  the  reaction.  The  hydro- 
chloric acid  formed  is  titrated  with  potassium  hydroxide,  deci- 
normal  or  centinormal,  according  to  the  dilution  of  the  mer- 
curic solution,  until  a  permanent  pale-yellow  tint  is  visible. 
A  very  small  excess  of  hydrocyanic  acid  suffices,  and  an  un- 
necessary excess  is  for  obvious  reasons  to  be  avoided.  To  be 
sure  that  sufficient  hydrocyanic  acid  is  present,  if  in  doubt, 
add  a  few  drops  at  the  conclusion  of  the  titration.  This  will 
instantly  destroy  the  yellow  color  if  insufficient  had  been  pres- 
ent, but  otherwise  will  not  affect  it.  The  method  has  been 
repeatedly  used  by  students  in  this  laboratory  with  very  satis- 
factory results,  in  part  for  the  determination  of  mercuric  chlo- 
ride in  solutions  containing  one  part  in  ten  thousand.  They 
have  with  it  obtained  much  better  results  than  by  the  method 
of  Vitali^  for  the  examination  of  dilute  solutions,  and  in  con- 
siderably less  time.  Vitali's  method  consists  in  boiling  the 
mercuric  chloride  solution  with  an  excess  of  sulphurous  acid, 
expelling  the  excess,  and  titrating  acidimetrically  the  sul- 
phuric and  hydrochloric  acids  formed.  The  method  is  satis- 
factory for  stronger  solutions  of  mercuric  chloride,  but  certain 
sources  of  error  which  are  inappreciable  in  concentrated  solu- 
tion become  serious  when  the  solution  is  highly  dilute. 
These  are  oxidation  of  the  sulphurous  acid  by  the  atmos- 
phere, imperfect  expulsion  of  the  last  traces  of  sulphurous 
acid,  reduction  of  the  mercury  too  far,  i.  e.,  to  metal.  Pro- 
longed boiling  is  needed  to  drive  off  the  last  of  the  sulphur 
dioxide,  which  passes  off  rapidly  at  first,  but  with  extreme 
slowness  when  only  a  little  is  left.  Reduction  of  the  mer- 
curous  chloride  to  metal  is  hindered  by  the  considerable 
amount  of  hydrochloric  acid  present  in  more  concentrated 
solutions,  but  in  those  of  high  dilution  the  amount  of  acid  is 
insufficient  to  have  this  effect.     The  precipitate  in  the  latter 

1  BoUetino  Chimico  Farmaceutico,  1894,  S^S- 
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case  often  becomes  gray.  All  these  sources  of  error  lead  to 
the  results  of  the  determination  being  too  high. 

That  the  cyanide  method  also  gives  correct  results  with 
more  concentrated  solutions  is  shown  by  the  following  test 
analyses : 

A  solution  was  prepared  containing  6.780  grams  of  pure 
mercuric  chloride  in  500  cc.  It  was  perfectly  neutral  to 
nitrophenol.  To  5  cc.  of  it,  2  cc.  of  a  hydrocyanic  acid  solu- 
tion (3.4  per  cent)  was  added,  and  i  drop  of  nitrophenol  solu- 
tion. Required,  5  cc.  of  decinormal  potassium  hydroxide, 
equivalent  to  0.0678  gram  found.  Twenty-five  cc.  of  the 
same  solution,  with  5  cc.  of  hydrocyanic  acid,  required  25  cc. 
of  the  standard  alkali,  equivalent  to  0.339  gram  of  mercuric 
chloride  found.  Again,  25  cc.  of  the  same  solution,  with  10 
cc.  of  hydrocyanic  acid  and  100  cc.  of  water,  required  25.03 
cc.  of  the  hydroxide,  equivalent  to  0.3394  gram  of  mercuric 
chloride  found. 

Since  mercuric  chloride  is  a  substance  which  can  be  easily 
obtained  in  a  high  state  of  purity  and  is  in  every  way  well  de- 
fined, it  is  suited  as  a  standard  for  acidimetric  solutions,  th% 
sharpness  of  the  method  of  titration  which  has  been  described 
making  it  readily  available  for  this  purpose. 

The  results  quoted  of  themselves  show  the  practicability  of 
this  method,  of  which  I  shall  have  something  more  to  say  in 
connection  with  a  discussion  of  other  methods  of  standardiza- 
tion. 

Chemical  Laboratory, 

State  Univ.  of  Iowa, 

May  16,  1903. 


THE  ASSOCIATION  OF  A  I^IQUID  DIMINISHED  BY 
THE  PRESENCE  OF  ANOTHER  ASSOCIA- 
TED I.IQUID. 

By  Harry  C.  Jones  and  Grantland  Murray, 

Ramsay  and  Shields,^  in  their  beautiful  investigation  on  the 
surface-tension  of  liquids,  showed  conclusively  that  the  mole- 
cules of  certain  liquids  are  made  up  of  a  number  of  the  sim- 
plest molecules,  while  the  molecules  of  other  liquids  are  iden- 

1  Ztschr.  phys.  Chem.,  la,  433  (1893). 
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tical  with  the  simple  chemical  molecule.  They  pointed  out 
that  if  we  represent  the  degree  of  association,  or  the  associa- 
tion factor,  by  x^  that 

-»  =  ^. 

in  which  k,  the  differential  coefficient  for  the  liquid  between 
any  two  known  temperatures,  can  be  calculated  by  measuring 
the  surface-tension  of  the  liquid  at  the  temperatures  in  ques- 
tion, knowing  the  molecular  volume  at  these  temperatures. 

If  the  liquid  is  not  associated  the  value  of  this  coefficient  is 
2.12.  If  the  liquid  is  associated  the  value  of  the  coefficient  k 
is  always  less  than  2.12,  and  the  association  factor,  x^  or  num- 
ber of  molecules  associated  to  form  the  molecule  of  the  liquid, 
can  be  calculated  thus  : 


=  m- 


Ramsay  and  Shields  showed  that  of  the  common  liquids 
water  has  the  highest  association  factor,  its  molecule  at  0°  be- 
ing made  up  of  4  molecules  of  the  composition  H^O,  or  has  the 
composition  (H,0)^.  The  alcohols  of  the  methyl  alcohol  series 
are  also  strongly  associated  liquids,  especially  the  first  mem- 
bers of  the  series,  and  the  same  holds  for  the  formic  acid 
series  of  acids  ;  formic  and  acetic  acids  being  especially 
strongly  aggregated  compounds. 

The  above  investigation  acquired  a  new  interest  when  Du- 
toit  and  Aston^  pointed  out  that  there  is  a  connection  between 
the  association  of  any  solvent  and  its  own  dissociating  power. 
It  was  made  probable  that  only  those  liquids  whose  molecules 
are  polymerized  or  associated  have  the  power  of  breaking 
down  or  dissociating  the  molecules  of  electrolytes  into  ions. 
This  relation  is  obvious  in  the  case  of  water,  which  is  the 
most  highly  associated  liquid,  and  which,  of  all  the  common 
solvents,  has  the  greatest  ionizing  power. 

The  present  investigation  was  undertaken  with  the  object 
of  determining  the  effect  of  one  associated  liquid  on  the  asso- 
ciation of  another  associated  liquid.     This  line  of  work  was 

1  Compt.  rend.,  125,  240  (1897). 
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suggested  by  an  investigation^  which  was  carried  on  in  this 
laboratory  last  year.  The  investigation  in  question  had  to  do 
with  the  relation  between  the  conductivity  of  salts  in  water, 
methyl,  ethyl,  and  propyl  alcohols,  and  in  mixtures  of  these 
solvents.  It  was  found  that  the  conductivity  of  the  salt  in  the 
mixed  solvents  was  very  frequently  less,  for  a  given  concen- 
tration, than  in  the  lower  conducting  of  the  two  solvents 
present  in  the  mixture.  This  was  established  in  mixtures  of 
methyl  alcohol  and  water  for  a  number  of  salts,  such  as  potas- 
sium iodide,  ammonium  bromide,  strontium  iodide,  and  lith- 
ium nitrate,  the  salt  conducting  less  in  the  mixture  of  methyl 
alcohol  and  water  than  in  pure  methyl  alcohol.  Ethyl  alco- 
hol and  water  at  0°  showed  a  similar  phenomenon  for  all  the 
salts  investigated. 

Salts  dissolved  in  a  mixture  of  equal  parts  of  methyl  and 
ethyl  alcohols  do  not  conduct  less  than  in  pure  ethyl  alcohol, 
but  show  a  conductivity  which  is  less  than  the  mean  of  the 
conductivities  of  the  substances  in  the  pure  solvents  at  the 
same  dilution.  This  is  obviously  a  result  of  the  same  general 
character  as  that  obtained  with  mixtures  of  the  alcohols  and 
water.  This  investigation  was  extended  to  a  number  of  mix- 
tures of  the  different  solvents  at  different  temperatures,  and 
the  concentrations  of  the  solutions  of  salts  which  were  em- 
ployed were  varied  greatly.  The  results  were  of  the  charac- 
ter indicated. 

At  first  sight  it  was  extremely  difficult,  not  to  say  impossi- 
ble, to  interpret  these  results.  How  could  an  electrolyte  in  a 
mixture  of  methyl  alcohol  and  water  be  dissociated  less  than 
in  pure  methyl  alcohol,  when  water  had  a  much  higher  disso- 
ciating power  than  methyl  alcohol  ?  This  could  be  explained 
most  easily  on  the  assumption  that  each  solvent  so  acted  on 
the  other  as  to  diminish  its  dissociating  power,  and  this  sug- 
gestion^ was  made  as  a  possible  explanation  of  the  results. 

At  the  time  the  suggestion  was  made  the  evidence  bearing 
upon  the  case  was  very  meagre  indeed.  It  was  known  that 
methyl   and   ethyl   alcohols,  whose   molecules   in   the  pure, 

1  Jones  and  Lindsay  :  This  Journal,  a8,  329  (1902). 

2  Lindsay  :  Ibtd.,  a8,  369  (1902). 
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homogeneousliquidsare  considerably  aggregated,  give  normal 
molecular  weights  when  dissolved  in  water.'  This  evidence, 
however,  was  far  from  sufficient  to  justify  any  general  conclu- 
sion on  the  subject.  In  order  to  determine  whether  associa- 
ted liquids  have  any  general  influence  on  each  other's  asso- 
ciation, it  is  necessary  to  take  associated  liquids  and  deter- 
mine the  molecular  weights  of  each  in  the  other,  and  then 
compare  the  results  with  the  molecular  weights  of  the  several 
liquids  in  the  pure  condition. 

There  are  not  many  liquids  which  can  be  employed  in  this 
work,  since  the  boiling-point  method  of  determining  molecu- 
lar weights  cannot  be  used  for  any  liquid  dissolved  in  an- 
other liquid.  We  are,  therefore,  limited  to  the  freezing-point 
method,  and  of  those  liquids  whose  association  is  known,  only 
a  few  freeze  at  temperatures  to  which  the  freezing-point 
method  can  be  applied. 

Liquids  Used  in  this  Work. 

We  have  found  three  liquids  which  fulfil  in  an  admirable 
manner  the  conditions  necessary  for  this  work,  i.  e.,  they  must 
dissolve  readily  in  one  another,  must  not  act  chemically  upon 
one  another,  must  not  undergo  appreciable  electrolytic  disso- 
ciation, and  must  be  strongly  associated  substances.  These 
liquids  are  water,  acetic  acid,  and  formic  acid. 

Purification  of  the  Liquids. 

The  water  used  in  this  investigation  was  purified  by  double 
distillation.  It  was  first  distilled  from  chromic  acid,  which 
destroyed  the  organic  matter  and  retained  the  ammonia,  and 
then  from  barium  hydroxide,  which  retained  the  carbon  di- 
oxide.    Its  conductivity  was  1.2  X  lO"^. 

The  acetic  acid  was  furnished  by  Bender  and  Hobein  for 
cryoscopic  work.  This  was  fractionally  crystallized,  using  a 
large  volume  at  the  outset  and  discarding  about  half  at  each 
crystallization.  After  the  freezing-point  showed  that  the  ma- 
terial was  nearly  pure,  a  relatively  smaller  amount  was  dis- 
carded at  each  crystallization.     After  ten  crystallizations  a 

1  Jones  :  Ztschr.  phys.  Chem.,  12,  623  (1893). 


Association  of  Liquid.  igy 

specimen   was   obtained  which   froze   sharply  at    i6°.5,  and 
which  was,  therefore,  practically  pure  acetic  acid. 

It  was  found  to  be  much  more  difficult  to  obtain  formic  acid 
free  from  water.  The  purest  specimen  that  could  be  pur- 
chased was  treated  with  a  large  amount  of  phosphorus  pent- 
oxide  and  distilled.  The  formic  acid  was  decomposed  to 
some  extent  by  the  pentoxide  into  carbon  monoxide  and 
water,  but  the  amount  of  water  removed  in  this  way  was  very 
much  greater  than  the  amount  formed  as  the  result  of  the  de- 
composition of  the  acid.  The  product  resulting  from  the  dis- 
tillation was  then  subjected  to  fractional  crystallization.  Af- 
ter freezing  out  the  acid  fifteen  or  twenty  times,  discarding  in 
each  case  a  considerable  volume,  a  product  was  obtained 
which  froze  at  7°.  The  statement  in  the  literature  that  formic 
aad  freezes  below  zero  and  melts  at  ^ .^  is,  therefore,  errone- 
ous. The  specimen  which  fulfilled  these  conditions  must 
have  contained  considerable  water.  Such  a  specimen  would 
freeze  only  when  cooled  considerably  below  its  melting-point, 
and  the  crystals  which  separated,  being  comparatively  free 
from  water,  would  then  melt  close  to  the  true  melting-point  of 
the  acid. 

With  the  above  liquids  the  following  measurements  were 
made  by  the  freezing-point  method  : 

I.  The  molecular  weight  of  water  in  acetic  acid. 
II.  The  molecular  weight  of  water  in  formic  acid. 

III.  The  molecular  weight  of  acetic  acid  in  water. 

IV.  The  molecular  weight  of  acetic  acid  in  formic  acid. 
V.  The  molecular  weight  of  formic  acid  in  water. 

VI.  The  molecular  weight  of  formic  acid  in  acetic  acid. 

Results. 

The  results  are  given  in  the  following  tables.  Column  I. 
contains  the  amount  of  solvent  used  ;  Column  II.  the  amount 
of  liquid  whose  molecular  weight  was  to  be  determined  ;  Col- 
umn III.  the  concentration  in  terms  of  normal,  a  normal  solu- 
tion being  defined  as  one  that  contains  a  gram-molecular 
weight  of  the  electrolyte  in  1,000  grams  of  the  solvent  ;  Col- 
umn IV.  gives  the  freezing-point  lowerings  actually  observed ; 
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and  Column  V.  the  molecular  weight  of  the  liquid  at  the  con- 
centration in  question.  In  all  of  this  work  care  was  taken  to 
keep  the  temperature  of  the  freezing-mixture  only  a  little  be- 
low the  freezing-point  of  the  solution. 

Water  {i8)  in  Acetic  Acid. 


I. 

II. 

in. 

IV. 

V. 
Molecular 

Acetic  acid. 

Water. 

Concentration. 

Lowering. 

weight. 

39.68 

0.454 

0.64 

2°.o6 

21.7 

38^.32 

0.514 

0.75 

2°.38 

22.0 

0.820 

1. 19 

3^58 

23-3 

39.68 

0.947 

1-33 

3°-93 

23-7 

1-547 

2.17 

5-89 

25.8 

" 

2.061 

2.89 

7°-45 

27.2 

(( 

2.541 

3-56 

8°. 79 

28.4 

38.32 

2.637 

3-82 

9°-33 

28.8 

39.68 

2.992 

4.19 

9'-95 

29.6 

3.870 

5-42 

12°. II 

31-4 

" 

4.686 

6.56 

14°. 00 

32.9 

" 

5-589 

7-83 

i6°.04 

34-2 

" 

6.472 

9.06 

I7°.86 

35-6 

" 

7.566 

10.59 

20°. 07 

37-1 

" 

8.559 

11.98 

22°.00 

38.2 

" 

9-032 

12.65 

22\90 

38.8 

Water  {18)  in  Formic  Acid. 

I. 

11. 

III. 

IV. 

V. 

Molecular 

Formic  acid. 

Water. 

Concentration. 

Lowering. 

weight. 

48.24 

0.808 

0.93 

2°.35 

19.7 

" 

1-325 

1-53 

3°-75 

20.3 

" 

2.204 

2.54 

6^I3 

20.6 

'* 

3.060 

3-52 

8°. 30 

21.2 

*' 

4.434 

5-13 

11°. 69 

21.8 

i\ 

5.376 

6.18 

14°.  II 

21.9 

Acetic  Acid  (60)  in 

Water. 

I. 

II. 

III. 

IV. 

V. 
Molecular 

Water. 

Acetic  acid. 

Concentration. 

Lowering. 

weight. 

37.^15 

0.376 

0.17 

o°.34 

55-4 

3-959 

1.78 

3.30 

60.1 

(i 

6.830 

3-06 

5-45 

62.7 

50.65 

10.794 

3-56 

6°.  19 

64.0 

62.17 

17.474 

4-70 

7°-85 

66.6 

37.15 

10.771 

4-83 

8°.  05 

67.0 

37.15 

15.728 

7.06 

IO°.92 

72.1 
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Acetic  Acid  {66)  in  Formic  Acid. 

I. 

II. 

III. 

IV. 

V. 

Formic  acid. 

Acetic  acid. 

Concentration. 

Lowering. 

Molecular 
weight. 

40.35 

0.433 

0.18 

o°.48 

61.9 

34-23 

I.O18 

0.50 

I°.27 

64.9 

40.35 

1-593 

0.66 

i°.65 

66.3 

34.72 

1.835 

0.88 

2°.l6 

67.8 

34.23 

2.256 

1. 10 

2=.67 

68.4 

38.49 

2.873 

1.24 

2°.98 

69.4 

34.72 

3.968 

1.90 

4°.45 

71. 1 

38.49 

6.464 

2,80 

6°.29 

74.0 

34-72 

10.708 

5.14 

10°. 97 

77-9 

34.23 

10.764 

5-24 

ii°.i6 

78.0 

" 

18.838 

9.17 

18°. 19 

83.8 

Formic  Acid  {46)  in  Water. 


Molecular 

Water. 

Formic  acid. 

Concentration. 

Lowering. 

weight. 

35-10 

0.546 

0.34 

o°.64 

45.2 

193.67 

7.850 

0.88 

I°.62 

46.5 

35.10 

1.667 

1.03 

i°.89 

46.7 

" 

4.928 

3-05 

5°-28 

49.5 

136.79 

31-564 

5.03 

8°.50 

50.5 

141.43 

40.109 

6.16 

Io^34 

51.0 

Formic  Acid  (/<5)  in  Acetic  Acid. 

I. 

II. 

III. 

IV. 

V. 
Molecular 

Acetic  acid. 

Formic,  acid. 

Concentration. 

Lowering. 

weight. 

30.41 

1. 152 

0.82 

2°. 93 

50.4 

1  ( 

1.702 

1.22 

4°.  26 

51.2 

i( 

2.303 

1.65 

5°.66 

52.2 

" 

2.820 

2.02 

6°.  84 

52.9 

(( 

3.410 

2.44 

8°. 10 

54-0 

" 

4.267 

3 -05 

9°-93 

55-1 

** 

5.098 

3-64 

ii°.55 

56.6 

" 

6.136 

4-39 

13.53 

58.2 

" 

7.024 

5.02 

15  .24 

59.1 

50.64 

14.814 

6.36 

1 8°.  40 

62.0 

30.02 

11.403 

8.26 

22°. 54 

65.7 

These  results  are  plotted  in  curves.     The  molecular  weight 
of  water  in  acetic  acid  and  formic  acid  with  varying  concen- 
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tration  in  Fig.  I.,  the  molecular  weight  of  acetic  acid  in  water 
and  in  formic  acid  in  Fig.  II.,  and  the  molecular  weight  of 
formic  acid  in  water  and  in  acetic  acid  in  Fig.  III. 
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Discussion  of  Re  stilts. 

The  molecular  weight  of  water  in  acetic  acid  at  the  great- 
est dilution  used  (0.64  normal)  is  21.7,  which  is  only  slightly 
greater  than  the  molecular  weight  corresponding  to  the  com- 
position HjO.  In  the  most  concentrated  solution  used,  which 
is  somewhat  more  than  twelve  times  normal,  the  molecular 
weight  of  the  water  is  a  little  more  than  would  correspond  to 
the  composition  {Yifi)^.  In  pure  water,  however,  we  know, 
from  the  work  of  Ramsay  and  Shields,  that  the  molecules 
have  the  composition  (H^O)^.  The  association  of  water  is, 
therefore,  greatly  diminished  by  the  presence  of  the  associa- 
ted solvent,  acetic  acid. 

The  same  remarks  apply  to  solutions  of  water  in  formic 
acid.  At  the  greatest  dilution,  the  molecular  weight  of  the 
water  is  only  slightly  above  normal,  the  molecular  weight  in- 
creasing slightly  as  the  concentration  of  the  solution  in- 
creases. The  complex  molecules  of  water  are  broken  down 
to  even  a  greater  extent  by  formic  acid  than  by  acetic  acid. 
This  is  in  keeping  with  the  relative  powers  of  these  two  sol- 
vents to  break  molecules  down  into  ions,  formic  acid  being  a 
much  stronger  dissociant  than  acetic  acid. 

The  molecular  weight  of  acetic  acid  in  water  is  approxi- 
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mately  normal  for  the  more  dilute  solutions  investigated,  in- 
creasing somewhat  above  normal  in  the  more  concentrated 
solutions.  The  amount  of  electrolytic  dissociation  of  even  the 
most  dilute  solutions  of  acetic  acid  in  water  is  so  small  as  to 
exercise  only  a  slight  influence  on  the  results. 

Pure  acetic  acid,  at  the  freezing  temperature,  is  a  very 
much  associated  liquid.  The  work  of  Ramsay  and  Shields^ 
has  shown  that  the  differential  coefl5cient  k  for  acetic  acid 
between  i6°  and  46°,  is  0.9.     The  association 
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It  is,  therefore,  obvious  that  the  association  of  acetic  acid  is 
greatly  diminished  by  water. 

The  molecular  weight  of  acetic  acid  in  formic  acid  is  greater 
than  in  water  at  the  same  concentrations,  ranging  from  61.9 
to  83.8  for  the  different  concentrations  employed.  This, 
again,  is  what  we  might  expect.  Water  having  a  greater 
power  than  formic  acid  to  break  molecules  down  into  ions, 
also  has  a  greater  power  to  break  down  complex  molecules 
into  simpler  ones.  In  no  case,  however,  is  the  molecular 
weight  of  acetic  acid  in  formic  acid  greater  than  about  one 
and  one-fourth  the  simplest  molecular  weight,  showing  that 
the  complex  molecules  of  pure  acetic  acid  are  greatly  decom- 
posed by  the  formic  acid. 

The  same  remarks  apply,  in  general,  for  formic  acid  in 
water  and  in  acetic  acid.  Formic  acid,  in  the  pure  condition, 
is  associated  to  just  about  the  same  extent  as  acetic  acid. 
Ramsay  and  Shields^  found  the  coejB&cient  k  for  formic  acid 
to  be  0.902.     Therefore,  the  association  is, 

\0.902/ 

The  molecular  weight  of  formic  acid  in  water  is  only 
slightly  greater  than  normal,  even  at  the  greatest  concentra- 
tion employed.  In  acetic  acid  the  molecular  weight  is 
greater  than  in  water  at   the  same  concentration.     This  is 

1  Ztschr.  phys.  Chera.,  la,  469  (1893). 
^  Ibid.,  12,469  (1903). 
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analogous  to  what  has  been  found  with  the  other  solvents  em- 
ployed. Water  has  the  greater  power  to  break  down  mole- 
cules into  ions,  and  also  the  greater  power  to  decompose 
molecular  complexes  into  simpler  molecules. 

Effect  of  the  Dissolved  Substance  on  the  Constant  of  the  Solvent. 

The  above  results  show  that  the  associated  molecules  of 
the  dissolved  substance  are  broken  down  by  the  solvent  into 
simpler  molecules.  It  is  also  true  that  the  molecules  of  the 
solvent  are  broken  down  into  simpler  molecules  by  the  mole- 
cules of  the  dissolved  substance.  The  magnitude  of  this  in- 
fluence will  depend  upon  the  concentration  of  the  solution  and 
the  state  of  aggregation  of  the  dissolved  substance  in  the  solu- 
tion. It  is  not  a  simple  matter  to  determine  the  exact  magni- 
tude of  the  effect  on  the  solvent,  which  will  be  produced  in 
any  given  case. 

In  the  calculation  of  the  molecular  weights  of  the  dissolved 
substances,  given  above,  the  freezing-point  constant  of  the 
solvent  is  assumed  to  be  constant.  Since  the  dissolved  liquid 
diminishes  the  association  of  the  solvent,  it  will,  from  Raoult's 
law,  diminish  the  freezing-point  constant  of  the  solvent. 
This  effect  will  become  appreciable  only  when  the  concentra- 
tion of  the  solution  has  become  considerable.  As  the  freez- 
ing-point constant  becomes  less  the  molecular  weight  as  cal- 
culated from  the  observed  freezing-point  lowering  would  be 
less  than  that  given  above.  The  effect  of  this  influence  of 
the  dissolved  substance  on  the  solvent  would,  then,  be  to  give 
still  smaller  molecular  weights  for  the  former  than  those  cal- 
culated above,  especially  for  the  more -concentrated  solutions. 
In  a  word,  to  show  a  still  greater  diminishing  of  the  associa- 
tion of  the  dissolved  substance  by  the  solvent  than  would  be 
indicated  by  the  above  results.  This  would  change  somewhat 
the  position  of  the  curves,  especially  in  the  more  concentrated 
solutions,  but  in  such  a  way  as  to  augment  the  effect,  which 
is  shown  so  clearly  by  them. 

Further,  in  the  more  concentrated  solutions  it  is  not  at  all 
certain  that  the  pure  solid  phase  of  the  solvent  separated  from 
the   solution.     This    may  have    been  mixed  with  the   solid 
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phase  of  the  liquid  present  in  the  smaller  quantity.  The  re- 
sult would  have  been  to  give  a  smaller  lowering  of  the  freez- 
ing-point, and,  consequently,  a  higher  molecular  weight  for 
the  dissolved  substance. 

Since  both  of  the  above  effects  manifest  themselves  to  an 
appreciable  extent  only  in  the  more  concentrated  solutions, 
the  results,  as  found  experimentally  in  the  more  dilute  solu- 
tions, may  be  regarded  as  very  close  to  the  true  molecular 
weights  of  the  several  liquids  when  dissolved  in  one  another. 
In  the  more  concentrated  solutions  the  true  molecular  weights 
are  smaller  than  those  found  by  experiment.  The  latter  show 
a  very  marked  diminution  in  the  complexity  of  the  molecule 
in  solution,  as  compared  with  the  pure  state.  This  would  be 
still  more  obvious  if  the  exact  molecular  weight  of  the  dis- 
solved liquid  in  concentrated  solutions  could  be  determined. 

Explanation  of  the  Results  Obtained  by  Jones  and  Lindsay. 

In  the  light  of  the  above  facts  the  results  obtained  by  Jones 
and  I/indsay  are  easily  explained.  An  electrolyte  conducts 
less  in  a  mixture  of  methyl  alcohol  and  water  because  these 
two  strongly  associated  solvents  diminish  each  other's  associa- 
tion, and,  since  each  diminishes  the  association  of  the  other, 
it  diminishes  the  dissociating  power  of  the  other  solvent. 
The  dissociation  of  an  electrolyte  in  the  mixed  solvents  is  less 
than  in  the  lower  dissociating  solvent,  and,  consequently,  the 
conductivity  is  less  in  the  mixed  solvents. 

The  position  of  the  minimum  in  the  curve  expressing  the 
relation  between  molecular  conductivity  and  concentration  of 
alcohol  in  the  mixed  solvents  can  be  also  readily  interpreted, 
now  that  we  know  the  effect  of  one  associated  solvent  on  the 
association  of  another  associated  solvent. 

The  minimum  conductivity  shown  by  a  solution  of  an  elec- 
trolyte of  given  concentration,  in  mixtures  of  water  and  alco- 
hol, corresponds  to  that  particular  mixture  of  alcohol  and 
water  which  has  the  least  dissociating  power.  This  is  the 
same  as  to  say,  to  that  particular  mixture  of  alcohol  and 
water  in  which,  at  the  temperature  in  question,  the  associa- 
tion  of   each  solvent  is  at  a  minimum.     This   mixture,  at 
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which  the  minimum  conductivity  occurs,  is  the  particular 
mixture  of  the  two  solvents  in  which  each  has  diminished  the 
association  of  the  other  to  a  maximum  extent. 

It  is  worthy  of  note  that  the  position  of  the  minimum 
changes  with  change  in  temperature,  occurring  at  the  more 
elevated  temperature  in  the  mixture  of  alcohol  and  water  con- 
taining more  alcohol.  This  may  have  to  do  with  the  fact  that 
the  critical  temperature,  or  the  temperature  at  which  all  asso- 
ciation disappears,  is  less  for  methyl,  ethyl,  and  propyl  alco- 
hols than  for  pure  water.  Therefore,  the  effect  of  a  given  rise 
in  temperature  would  probably  be  to  decrease  the  association 
of  the  alcohols  more  than  that  of  water.  This  influence  would 
add  itself  to  that  resulting  from  the  effect  of  each  of  the  sol- 
vents on  the  association  of  the  other,  and  would  show  the 
minimum  dissociation,  and,  consequently,  the  minimum  con- 
ductivity in  the  region  where  there  was  more  alcohol  and 
less  water  present.  This  seems  to  us  to  be  a  possible  ex- 
planation of  the  otherwise  unexplained  fact  that  the  minimum 
in  the  conductivity  curve  is  shifted  with  change  in  tempera- 
ture. 

We  propose  to  extend  this  investigation,  especially  to  the 
action  of  non-associated  solvents  on  the  association  of  associa- 
ted solvents. 

Chemical  Laboratory, 

Johns  Hopkins  Univ., 

April,  1903. 


THE   IvOWERING   OF    THE    FREEZING-POINT    OF 

AQUEOUS    HYDROGEN    DIOXIDE    BY    SUE- 

PHURIC  AND  ACETIC  ACIDS. 

By  Harry  C.  Jones  and  Grantland  Murray. 

The  lowering  of  the  freezing-point  of  aqueous  hydrogen  di- 
oxide, produced  by  certain  salts,  was  first  measured  in  this 
laboratory  about  two  years  ago.^  The  salts  that  were  studied 
were  potassium  chloride,  sodium  nitrate,  and  potassium  ni- 
trate. The  lowering  of  the  freezing-point  of  aqueous  hydro- 
gen dioxide  was  compared  with  the  lowering  of  the  freezing- 
point  of  water  produced   by  these  same  substances,  with  the 

1  Jones,  Barnes,  and  Hyde  :  This  Journal,  ay,  22  (1901). 
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result  that  they  were  found  to  lower  the  freezing-point  of 
water  to  a  greater  extent  than  the  freezing-point  of  the  di- 
oxide. 

The  work  begun  by  Jones,  Barnes,  and  Hyde  was  extended 
by  Jones  and  Carroll^  to  ammonium  sulphate  and  also  to  sul- 
phuric and  oxalic  acids.  Results  were  obtained  with  ammo- 
nium sulphate  which  were  of  the  same  general  character  as 
those  yielded  by  the  salts  earlier  investigated.  Ammonium 
sulphate  lowered  the  freezing-point  of  water  to  a  greater  ex- 
tent than  the  freezing-point  of  hydrogen  dioxide. 

The  results  with  sulphuric  and  oxalic  acids  were  quite 
different  from  those  obtained  with  salts.  The  acids  produced 
a  greater  lowering  of  the  freezing-point  of  the  dioxide  than  of 
water.  Only  a  few  measurements,  however,  were  made  with 
the  acids,  and  the  object  of  the  present  investigation  was  to 
repeat  and  extend  the  earlier  work  in  this  field. 

We  have  worked  with  sulphuric  acid,  which  is  strongly 
dissociated,  and  with  acetic  acid  which  is  only  slightly  disso- 
ciated. The  hydrogen  dioxide  was  purified  exactly  as  in  the 
earlier  work.  The  sulphuric  acid  was  added  slowly  to  the 
aqueous  solution  of  the  dioxide,  which  was  kept  surrounded 
by  ice  to  prevent  the  temperature  from  rising  appreciably. 
The  concentration  of  not  only  the  original  hydrogen  dioxide 
was  ascertained,  but  also  the  concentration  of  the  dioxide 
after  the  sulphuric  acid  had  been  added,  and  the  freezing- 
point  of  the  solution  determined.  The  strength  of  the  aqueous 
solution  of  hydrogen  dioxide  was  always  ascertained  by  titra- 
ting against  a  standard  solution  of  potassium  permanganate. 

The  Results  with  Sulphuric  Acid. 

The  sulphuric  acid  which  was  employed  was  only  96  per 
cent  HjSO^.  The  corresponding  correction  for  the  4  per  cent 
of  water  was  introduced. 

The  change  in  the  concentration  of  the  solution,  due  to  the 
separation  of  ice  from  the  undercooled  liquid,  was  corrected, 
taking  into  account  the  effect  of  the  presence  of  both  hydro- 
gen dioxide  and  sulphuric  acid. 

>  This  Journal,  28,  284  (1902). 
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In  the  following  tables, Column  I.  gives  the  percentage  con- 
centration of  the  hydrogen  dioxide  ;  Column  II.  the  concen- 
tration of  the  sulphuric  acid  in  terras  of  gram-molecules  per 
liter;  Column  III.  the  corrected  lowering  of  the  freezing- 
point  ;  and  Column  IV.  the  molecular  lowering  of  the  freez- 
ing-point. 

The  results^  with  sulphuric  acid  and  water  are  : 

II.  III.  IV. 

i.o  4°-i90  4°.  190 

0.5  2°.o30  4°. 060 

0.3  i°-i73  3°-9io 

0.1  o°.396  •                      3°-96o 

The  following  results  were  obtained  with  sulphuric  acid  in 
aqueous  hydrogen  dioxide  : 


I. 

II. 

III. 

IV. 

4.64 

1.209 

6°.  263 

5=.i8 

4.74 

0.710 

3°-3ii 

4°.  66 

4-77 

0.511 

2°.293 

4° -49 

4.84 

0-337 

i°.490 

4°.4i 

9-34 

0.771 

4°.263 

5°-53 

8.84 

0.680 

3°. 757 

5!-52 

9.00 

0.519 

2°.838 

■  5-47 

9-53 

0.484 

2°. 526 

5.22 

10.19 

0.470 

2°.432 

5-^4 

8.83 

0.328 

i°.630 

4°-97 

9-15 

0.242 

i'.i65 

4^81 

9-73 

0.138 

o°.7i7 

5°-i9 

These  results  are  of  the  same  general  character  as  those 
obtained  by  Jones  and  Carroll,  The  freezing-point  of  hydro- 
gen dioxide  is  lowered  to  a  much  greater  extent  by  sulphuric 
acid  than  the  freezing-point  of  water,  and  just  as  we  would 
expect,  the  molecular  lowering  is  greater  the  more  concentra- 
ted the  solution  of  hydrogen  dioxide. 

The  Results  with  Acetic  Acid. 

The  acetic  acid  was  prepared  by  fractionally  crystallizing 
the  purest  specimen  which  could  be  obtained  commercially, 
until  the  melting-point  showed  that  practically  all  the  water 
had  been  removed.     The  same  precautions   and  corrections 

1  Jones  and  Carroll  :  This  Journal,  38,  291  (1902). 
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were  introduced  with  the  acetic  acid  as  with  sulphuric  acid. 
The  change  in  the  concentration  of  the  hydrogen  dioxide, 
produced  by  the  addition  of  the  acetic  acid,  and  the  change  in 
concentration  due  to  undercooling,  were  taken  into  account 
and  the  corresponding  corrections  applied.  The  lowering  of 
the  freezing-point  of  water  by  acetic  acid  was  determined,  and 
the  following  results  obtained  : 

IV. 

2°. 07 
i°-99 
i°-97 
i°.9i 
i°.90 
i'.89 
i°.9i 
2°.o8 

2°.II 

The  lowering  of  the  freezing-point  of  water  produced  by 
acetic  acid  is  about  what  we  would  expect  from  its  small  dis- 
sociation, and  the  minimum  in  the  molecular  lowering,  calcu- 
lated on  the  above  basis,  is  analogous  to  what  was  found  by 
Jones  and  Getman^  for  such  a  large  number  of  electrolytes. 

The  following  results  were  obtained  with  acetic  acid  in 
aqueous  hydrogen  dioxide  of  varying  concentration.  Two 
series  of  measurements  were  made,  in  which  the  strengths  of 
both  the  hydrogen  dioxide  and  the  acetic  acid  were  varied. 
The  results  are  given  below  : 


II. 

III. 

4-251 

8°.8o 

2.715 

5°-40 

2. 121 

4°.  1 76 

1-358 

2°.592 

1.063 

2°. 020 

0.530 

i°.ooo 

0.266 

o°.507 

0.133 

o°.276 

0.0665 

o°,i40 

I. 

II. 

III. 

IV. 

3.57 

4.186 

8^.869 

2°.  1 2 

3-75       ' 

2.093 

4°.24i 

2°.02 

3-90 

1.272 

2°.520 

i°.99 

4-03 

0.567 

i°.o58 

i°.87 

7.88 

1.902 

4°-i37 

2°.I7 

8.05 

1. 122 

2°.30I 

2°.05 

8.22 

0.454 

o°.9oo 

i°.98 

7.89 

0.136 

o°.257 

I^88 

A  comparison  of  the  lowerings  in  water  and   in  aqueous 
hydrogen   dioxide  will  show  that  the   latter   are   somewhat 

*  This  Journal,  27,  433  (1902). 
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greater  than  the  former,  and  are,  therefore,  analogous  to  the 
results  obtained  with  sulphuric  acid. 

While  the  lowering  of  the  freezing-point  of  aqueous  hydro- 
gen dioxide  produced  by  salts  and  bases  is  less  than  the 
lowering  of  the  freezing-point  of  water  produced  by  the  same 
concentrations  of  the  same  substances,  the  lowering  of  the 
freezing-point  of  aqueous  hydrogen  dioxide  produced  by  acids 
is  greater  than  the  lowering  of  the  freezing-point  of  water 
produced  by  these  same  substances.  The  explanation  of  the 
results  obtained  with  salts  and  bases,  already  suggested,^ 
seems  to  be  quite  satisfactory.  These  compounds  in  solution 
unite  with  the  hydrogen  dioxide,  forming  complex,  unstable 
substances.  This  conclusion,  as  has  already  been  pointed 
out,  is  in  accord  with  the  recent  work  of  Tanatar.' 

The  acids  seem  to  be  more  strongly  dissociated  by  hydro- 
gen dioxide  than  by  water,  and,  consequently,  produce  a 
greater  lowering  of  the  freezing-point  of  the  former  solvent. 
This  conclusion  is  in  accord  with  the  work  of  Calvert,'  who 
showed  that  the  dielectric  constant  of  hydrogen  dioxide  is 
probably  higher  than  that  of  water. 

Chemical  Laboratory, 

Johns  Hopkins  Univ., 

June,  1903. 


THE  ACTION  OF  ACETYI.  CHIvORIDE  ON  SEIvENIC 
ACID. 

By  Arthur  B.  Lamb. 

Several  attempts  have  been  made  to  secure  selenium  tri- 
oxide,  i.  e.,  the  anhydride  of  selenic  acid.  None  of  them 
have  been  distinctly  successful,  though  for  a  number  of  rea- 
sons one  would  suppose  that  such  a  body  might  exist. 
The  analogous  oxide  of  sulphur,  for  instance,  is  decidedly 
stable.  Again,  the  stability  of  selenium  dioxide,  considered 
in  connection  with  the  very  generally  increasing  stability  of 
acidic  oxides  with  their  increasing  oxygen  content,  points  in 
the  same  direction.* 

1  This  Journal,  28,  290  (1902). 

2  Ztschr.  anorg.  Chem.,  a8,  255. 

3  Ann.  d.  Phys.,  1,  483. 

*  Michael  and  Conn  :  This  Journal,  33,  444. 
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Cameron  and  Maccallan^  seem  to  have  most  nearly  suc- 
ceeded in  securing  this  body.  They  digested  selenic  acid, 
which  they  for  the  first  time  had  been  able  to  obtain  anhy- 
drous, with  phosphoric  anhydride.  A  white,  granular  pre- 
cipitate resulted,  which  some  unpublished  analyses  roughly 
indicated  to  be  selenium  trioxide. 

A  repetition  of  this  experiment  b}^  the  writer  gave  a  similar 
precipitate,  but  in  too  small  amounts  for  a  quantitative  analy- 
sis. Qualitative  tests,  however,  showed  a  partial  reduction  to 
selenious  acid,  which  might  indicate  a  partial  dehydration, 
and  subsequent  evolution  of  oxygen. 

Digestion  of  the  acid  with  anhydrous  perchloric  acid  was 
also  tried.  The  perchloric  acid  was  prepared  according  to 
the  method  given  by  Michael  and  Conn.*  Both  an  anhydrous 
selenic  acid  and  an  acid  containing  a  slight  amount  of  water 
were  employed.  The  digestions  were  continued  from  three  to 
four  hours  at  ioo°  and  140°.  At  the  end,  however,  in  every 
case  the  perchloric  acid  could  be  distilled  off  unchanged. 

The  action  of  pure,  dry  acetyl  chloride  was  then  tried,  and, 
while  the  anhydride  of  selenic  acid  was  not  obtained,  a  reac- 
tion of  some  interest  was  brought  to  light. 

The  selenic  acid  used  in  this,  as  well  as  in  the  previous  ex- 
periments, was  prepared  in  successive  steps  from  pure  sele- 
nium according  to  methods  described  by  Thomsen,*  and  by 
Cameron  and  Maccallan.  The  resulting  acid  melted  at  57°. 
The  true  melting-point  of  the  acid  as  given  by  Cameron  and 
Maccallan  is  58°,  and  as  very  slight  amounts  of  water  greatly 
lower  the  melting-point,  the  acid  as  prepared  was  evidently 
nearly  anhydrous.  It  contained,  however,  a  trace  of  selenious 
acid,  as  shown  by  the  faint  coloration  of  its  aqueous  solution 
on  the  passage  through  it  of  hydrogen  sulphide  gas. 

To  the  selenic  acid,  immersed  in  a  bath  of  ice-water,  the 
acetyl  chloride,  cooled  to  0°,  was  added.  A  very  energetic 
reaction  ensued,  with  the  immediate  precipitation  of  a  white, 
granular  substance  and  the  evolution  of  much  gas.  The 
white  precipitate  at  first  redissolved,  but  on  the  addition  of 

1  Proc.  Roy.  Soc.  (London),  46,  13  ;  Chem.  News,  59,  269. 

2  This  Journal,  33,  444. 

*  Ber.  d.  chem.  Ges.,  2,  598. 
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more  acetyl  chloride  became  permanent  and  copious.  It  was 
found  to  be  very  hygroscopic,  fuming  strongly  of  hydro- 
chloric acid  when  exposed  to  the  air,  and  rapidly  liquefying. 
Indeed  the  sulphuric  acid  in  a  desiccator  must  be  very 
strong,  else  the  substance  will  deliquesce  even  there.  Quali- 
tative tests  by  means  of  barium  chloride  and  hydrochloric 
acid  showed  the  complete  reduction  of  the  selenic  acid  to  the 
selenious  condition.  Chlorine  was  also  shown  to  be  present 
in  considerable  amount. 

Samples  of  the  precipitate  were  prepared  for  analysis  by 
drying  in  a  vacuum  over  strong  sulphuric  acid.  The  selenium 
was  determined  by  the  precipitation  of  the  free  element  with 
sulphur  dioxide  and  weighing  on  tared  filters.  The  chlorine 
was  determined  as  silver  chloride. 

I.  0,1872  gram  substance  gave  0.0743  gram  Se, 
II.  0.2431  gram  substance  gave  0.0921  gram  Se. 

III.  0.2021  gram  substance  gave  0.51 16  gram  AgCl. 

IV.  0.1702  gram  substance  gave  0.4247  gram  AgCl. 

Calculated  for  Found. 

SeCU.  I.  II.  III.  IV. 

Se  35-81  39.7     37.9      

CI  64.19  62.6     61.7 

The  physical  properties,  qualitative  tests,  and  the  analytical 
results,  all  indicate  that  the  substance  in  question  is  selenium 
tetrachloride.  The  high  values  obtained  in  the  analysis  for 
selenium  and  the  low  ones  for  chlorine  would  be  expected, 
both  from  the  ease  with  which  the  tetrachloride  absorbs  water, 
with  the  loss  of  hydrochloric  acid,  and  from  the  possible 
formation  of  a  lower  chloride  of  selenium.  To  eliminate  this 
latter  possible  source  of  error,  the  precipitate  was  washed  in 
some  carefully  dried  carbon  bisulphide,  in  which  Ramsay  and 
Evans^  had  found  the  lower  chloride  to  be  soluble,  while  the 
tetrachloride  was  insoluble.  It  was  then  analyzed  by  the 
much  more  satisfactory  volumetric  method  of  Fay  and  Norris.* 

V.  0.2411  gram  required  the  equivalent  of  0.0856  gram  Se 
or  35-5  per  cent. 

This  result  is  in  satisfactory  agreement  with  the  calculated 

1  J.  Chem.  Soc,  45,  65. 

2  This  Journal,  18,  703. 
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percentage  composition  of  selenium  tetrachloride,  when  the 
possible  errors  of  the  analysis  are  considered. 

The  reaction  is  practically  a  complete  one,  all  the  selenium 
being  precipitated  as  tetrachloride.  Nor  does  its  vigor  per- 
ceptibly decrease  when  the  temperature  is  lowered  to  — 20°. 
In  spite  too,  of  the  fact  that  only  infinitesimal  amounts  of 
water  can  be  present  as  such,  in  either  of  the  reagents,  the 
reaction  is  apparently  instantaneous. 

Rose^  discovered,  long  ago,  that  selenium  tetrachloride  is 
formed  when  selenates  are  heated  with  sodium  chloride  and 
sulphuric  acid,  chlorine  being  evolved,  a  reaction  which  is 
evidently  somewhat  analogous  to  the  one  here  studied. 

Cameron  and  Maccallan^  also  state  that  phosphorus  penta- 
chloride  reacts  violently  with  anhydrous  selenic  acid.  It 
would  not  be  surprising  if  selenium  tetrachloride  had  also 
been  formed  here. 

It  is  hoped  to  follow  the  course  of  the  reaction  between 
acetyl  chloride  and  selenic  acid  more  precisely,  and  to  test  its 
generality  by  substituting  other  halogens,  especially  fluorine, 
for  chlorine. 

The  author  wishes  to  thank  Prof.  A.  Michael  for  his  sugges- 
tion of,  and  assistance  in,  this  research. 
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ESTERS  OF  SUI.PHURIC  ACID  AND   OF   CHLOR- 
SUI.PHONIC  ACID. 

By  F.  W.  Bushong. 

The  secondary  or  neutral  esters  of  sulphuric  acid  possess, 
as  Nef*  has  shown,  very  low  dissociation  points.  This  ex- 
plains the  fact  that  it  is  impossible  to  obtain  many  of  the 
homologous  esters  by  the  usual  double  decomposition  method 
— interaction  of  dry  silver  sulphate  with  alkyl  halides.  Up  to 
the  present  time  only  the  methyl,  ethyl,  normal  propyl,  and 
isoamyl  esters  have  been  isolated.  They  have  been  found  to 
act  as  alkylating  agents. 

1  Pogg.  Ann.,  37,  575. 

»  Chem.  News,  59,  ^33. 

»  Ann.  Chem.  (Liebig),  318,  4O-S0- 
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A  further  study  of  these  and  analogous  compounds  seems 
desirable,  and  the  only  possible  method  which  presents  itself 
for  their  synthesis  at  low  temperatures  is  the  interaction  of 
sulphuryl  chloride,  Cl^SO^,  or  of  chlorsulphonic  esters, 
CI — SOj — OR,  with  the  various  free  alcohols  or  their  salts. 
The  literature  on  this  subject  is  rather  conflicting  and  I  have, 
therefore,  taken  up  a  careful  study  of  these  reactions,  at  the 
suggestion  and  under  the  guidance  of  Dr.  Nef.  My  experi- 
ments are  to  be  considered  as  preliminary,  and  it  is  the  inten- 
tion of  Dr.  Nef  to  continue  further  investigations  in  this  direc- 
tion. 

Chlorsulphonic  Ethyl  Ester,  CI— SO,— OC^H^.— This  sub- 
stance was  first  obtained,  together  with  two  others  of  the 
same  empirical  composition,  by  the  union  of  sulphur  trioxide 
with  ethyl  chloride.^  Piirgold  proved  it  to  be  identical  in  its 
properties  with  the  compound  obtained  in  the  interaction  of 
potassium  ethylsulphate  and  phosphorus  pentachloride. 
Miiller  obtained  the  same  compound,  together  with  isethionic 
acid,  by  the  addition  of  chlorsulphonic  acid  to  ethylene.*  It 
was  also  obtained  by  Sandmeyer*  by  the  addition  of  ethyl 
hypochlorite  to  sulphur  dioxide  : 

C^HjO-Cl  +  SO,     —     Cl-SO  — OC^Hj. 

Nef*  has  observed  that  chlorsulphonic  ethyl  ester  is  formed 
almost  quantitatively  by  the  interaction  of  free  ethylsulphuric 
acid,  which  is  now  very  easily  accessible  through  Claesson's 
method,*  and  phosphorus  pentachloride,  the  product  being 
fractionally  distilled  under  reduced  pressure.  This  seemed, 
at  first,  the  most  practical  method  for  isolating  the  compound 
under  discussion.  I  have  repeated  Nef's  experiments  and 
analyzed  the  product  obtained.  It  usually  contains  traces  of 
oxychloride  of  phosphorus,  which  is  removed  by  washing  the 
oil  repeatedly  with  water  and  subsequently  drying  it  with  cal- 

1  J.  Chem.  Soc,  lo,  loo  (1857)  ;  Ann.  Chem.  (Liebig),  149, 124  (1869)  ;  Ber.  d.  chem. 
Ges.,  6,  502  (1873). 

2  Ber.  d.  chem.  Ges.,  6,  227  (1873). 
3/6trf.,  19,860(1886). 

4  Ann.  Chem.  (Liebig),  31^,  40  (1901). 
6  J.  prakt.  Chem.,  [2],  19,  231  (1879). 
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cium  chloride  and  then  again  distilling  under  reduced  pres- 
sure. 

I.  0.2257  gram  substance  gave,  by  the  Carius  method,  0,3695 
gram  BaSO^. 

II.  0.2666  gram  substance  required,  after  heating  with  lime, 
19.24  cc.  AgNO,  solution  (i  cc.  =  0.00348  gram  CI)  to  pre- 
cipitate AgCl,  or  gave  0.0669  gram  CI. 

III.  0.2909  gram  substance  required  21.02  cc.  AgNO,  solu- 
tion, or  gave  0.0731  gram  CI. 

Calculated  for  Found. 

Cl— SO2— OC2HJ.  I.  II.  III. 

S  22.18  22.48  

CI  24.52  25.09        25.14 

Finally  Behrend^  prepared  ethyl  chlorsulphonate  by  the  in- 
teraction of  sulphuryl  chloride  and  alcohol,  according  to  the 
equation 

CljSO,  +  HOC.H,    •—    HCl  +  CI— SO  — OC.H^. 

Although  Claesson'  has  shown  that  Behrend's  work,  in  so  far 
as  it  relates  to  the  neutral  esters  of  sulphuric  acid,  is  unrelia- 
ble, I  have  found  that  the  following  modification  of  Behrend's 
method  yields  ethyl  chlorsulphonate  to  the  extent  of  60  per 
cent  of  the  theoretical  amount,  and  that  the  product  is  identi- 
cal in  its  properties  with  that  obtained  by  me  from  free  ethyl- 
sulphuric  acid  and  phosphorus  pentachloride. 

Sulphuryl  chloride  is  brought  into  a  distilling-flask,  fitted 
with  a  doubly  perforated  stopper,  through  which  are  inserted 
the  stem  of  a  dropping-funnel  and  a  glass  tube  drawn  out  to  a 
capillary  and  extending  below  the  surface  of  the  acid  chlo- 
ride. The  delivery-stem  of  the  distilling-flask  is  connected 
with  a  wash-bottle  containing  water  and  then  with  an  aspira- 
tor, and  thus  a  steady  stream  of  air,  well  dried  with  calcium 
chloride,  is  drawn  through  the  apparatus.  The  distilling- 
flask  is  now  immersed  in  a  freezing- mixture  of  ice  and  salt, 
and  absolute  alcohol  (a  little  in  excess  of  i  molecule)  added 
drop  by  drop  from  the  separatory-funnel.  When  all  the  alco- 
hol has  been  added  the  freezing-mixture  is  removed,  but  the 

1  J.  prakt.  Chem.  [a],  15,  28  (1877). 
«  Loc.  cit. 
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air  current  kept  up  for  half  an  hour,  or  until  the  solution  ac- 
quires the  room  temperature  and  becomes  perfectly  colorless. 
The  reaction-products  now  appear  in  two  layers,  which  are 
separated.  The  lower  one  consists  mainly  of  ethyl  chlorsul- 
phonate,  and,  after  washing  with  cold  water,  drying  with  cal- 
cium chloride,  and  distilling  once  under  reduced  pressure,  is 
practically  pure.  The  upper  layer,  on  distillation  under  re- 
duced pressure,  gives  off  much  hydrochloric  acid  and  yields 
only  small  amounts  of  diethyl  sulphate  and  of  ethyl  chlorsul- 
phonate.     There  is  much  charring. 

The  analysis  of  the  product  thus  obtained  (b.  p.  52"  under 
14  mm.  pressure)  gave  the  following  figures  : 

I.  0.3372  gram  substance  gave,  by  the  Carius  method, 
0.5528  gram  BaSO^, 

II.  0.4108  gram  substance  required,  after  heating  with  lime, 
28.20  cc.  AgNOg  solution  (i  cc.  =  0.00349  gram  CI),  or  gave 
0.0984  gram  CI. 

III.  0.3450  gram  substance  required  23.53  cc.  AgNOj  solu- 
tion, or  gave  0.0821  gram  CI. 

Calculated  for  Found. 

Cl— SO2— OC2H5.  I.  II.  III. 

S  22.18  22.51         ....         .... 

CI  24.52  23.96        23.80 

Ethyl  chlorsulphonate,  made  by  either  of  the  methods  just 
described,  is  a  colorless,  limpid  liquid  possessing  a  pungent 
odor  and  which  irritates  the  eyes  and  excites  tears.  It  boils 
at  52°  under  14  mm.  and  at  58°  under  20  mm.  pressure.  Its 
specific  gravity  was  found  to  be  1.263  ^t  18°  (Westphal). 
The  substance  is  soluble  in  ligroin,  chloroform,  and  ether, 
but  attacks  ether  when  warmed.  It  dissolves  in  fuming  nitric 
acid  and  is  precipitated  unchanged  by  addition  of  water. 
Water  affects  it  only  slightly,  even  after  standing  with  it  for 
weeks  in  the  cold.  On  heating,  however,  decomposition 
quickly  sets  in.  Thus,  4.8  grams  of  the  ester,  heated  in  a 
distilling-flask  containing  40  cc.  of  water  (temperature  of 
bath  125°  to  130°),  gave  130  cc.  ethyl  chloride  or  16  per  cent 
of  the  theoretical  amount. 
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Claesson^  has  shown  that  ethyl  chlorsulphoriate  is  decom- 
posed with  violence  in  the  cold  by  ethyl  alcohol,  giving  vary- 
ing quantities  of  ethyl  ether,  ethyl  chloride,  hydrogen  chlo- 
ride, ethylsulphuric  acid,  and  diethyl  sulphate  (never  over  20 
per  cent),  and  I  have  confirmed  these  observations. 

/.    The  Action  of  Chlorsulphonic  Ethyl  Ester  on  Sodium.  Alco- 
holates. 

Sodium  alcoholates  (1.5  to  2  molecules),  in  ligroin  or 
ethereal  suspension,  react  with  violence  on  the  addition  of 
ethyl  chlorsulphonate.  When  absolute  ether  and  only  1.5 
molecules  of  the  alcoholate  are  used,  an  almost  clear  solu- 
tion results  after  some  standing.  This  indicates  the  forma- 
tion of  an  addition-product, 

S  +  Na— OR     — >      RO— S 

O^  "^Cl  O^  ^Cl 

I. 

and  possibly  also  some  ortho  product, 
NaO.      yOCjHj 
RO— S— CI 

RO^  ^ONa 

II. 

From  the  addition-product  I.,  one  would  expect  by  subse- 
quent loss  of  NaCl,  the  quantitative  formation  of  a  mixed  es- 
ter of  sulphuric  acid,  RO— SO,— OC.H^.  The  facts  are,  how- 
ever, as  follows.  There  are  always  five  reaction-products  in 
varying  proportions  : 

I.  Alkyl  ethylsulphate,  RO— SO,— OC,Hj ;  the'  yield 
varies  according  as  R  is  CjHj,  CjHn,  C^Hj,  or  CjH^  from  37  to 
62.2  per  cent  of  the  theory. 

II.  Alkyl  sodium  sulphate,  RO— SO^- ONa ;  26  to  47.6 
per  cent  according  as  R  is  C^Hj,  CjH^,  C^Hg,  or  CjHu. 

III.  A  mixed  ether,  ROC^Hj ;  determined  as  27.7  per  cent 
in  one  case  only  (NaOCjHj). 

1  J.  prakt.  Chem.  [2],  19,  231  (1879). 
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IV.  Sodium  sulphate  ;  found  to  vary  from  5  to  11  and  21.8 
per  cent,  as  the  alcoholate  used  consisted  of  ethylate,  iso- 
butylate,  or  isoamylate. 

V.  Alcohol,  ROH ;  not  determined  quantitatively  and 
probably  due  to  excess  of  alcoholate  used. 

From  this  it  is  evident  that  the  reactions  are  very  compli- 
cated, as  is  also  the  case  when  free  ethyl  alcohol  acts  on  ethyl 
chlorsulphonate  (see  above).  The  formation  of  the  mixed 
ether  (III.)  and  of  sodium  alkyl  sulphate  (II.)  cannot  possi- 
bly be  ascribed  to  the  further  action  of  the  alcoholate  on  the 
neutral  sulphate  (I.)  first  formed, 

RO— SO  — OC.Hs  +  NaOR    — 

ROC.Hj  +  RO— SO  — ONa, 

as  was  proved  by  a  special  experiment  using  the  ethylate  and 
ethylsulphate,  no  action  taking  place  at  ordinary  temperature 
after  three  hours  standing  in  ligroin  suspension.  A  complete 
explanation  of  these  results  cannot  at  this  time  be  presented, 
as  further  experiments  are  necessary  to  decide  between 
equally  plausible  theories.  Suffice  it  to  say  at  this  point  that 
various  experiments  show  that  ethyl  chlorsulphonate  (^.  ^., 
behavior  towards  amines)  is  an  energetic  alkylating  agent, 
which  points  to  a  ready  dissociation  of  this  compound  into 
ethylidene^  and  chlorsulphonic  acid, 

^  CH— CH3  -f  CI— SO —OH. 

On  this  basis,  for  instance,  the  ether  formation  (III.)  and 
formation  of  sodium  alkyl  sulphate  (II.),  as  well  as  of  sodium 
sulphate  (IV.),  can  easily  be  understood. 

Chlorsulphonic  Ethyl  Ester  and  Sodium  Ethylate. — Twenty- 
five  grams  (2  mols.)  freshly  prepared  sodium  ethylate,  dried 
at  180°  in  a  hydrogen  stream  at  reduced  pressure,  were  sus- 
pended in  100  grams  purified  gasoline  (b.  p.  110°  to  125*)  and 
25  grams  ethyl  chlorsulphonate  slowly  added  by  means  of  a 
dropping-funnel,  during  which  operation  the  mixture  was 
continually  agitated  and  cooled  by  means  of  a  freezing-mix- 
ture of  ice  and  salt.     The  temperature  of  the  solution  was 

1  Ann.  Chem.  (Liebig),  318,  1-57  (1901). 
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then  allowed  to  rise  to  about  io°  and  kept  there  until  the  odor 
of  the  acid  ester  had  disappeared.  The  gasoline  filtrate  gave, 
after  distillation  by  means  of  a  Glinsky  apparatus,  2.85  grams 
of  ethyl  ether,  or  27.7  per  cent  of  the  theory.  It  has  been 
proved  by  a  special  experiment  that  ether  (3.62  grams)  and 
gasoline  (100  cc.)  can  very  well  be  separated  by  fractional 
distillation  (3.56  grams  being  recovered).  The  amount  of 
diethyl  sulphate,  distilling  between  96°  at  18  mm.  and  96°  at 
14  mm.,  obtained  from  the  gasoline  by  fractional  distillation 
under  reduced  pressure,  was  9.92  grams,  or  37.2  per  cent  of 
the  theory.  The  salt  residue,  insoluble  in  gasoline,  was  now 
examined.  It  was  dissolved  in  water  and  the  solution  then 
saturated  with  carbon  dioxide  and  evaporated  to  dryness  un- 
der reduced  pressure.  Digestion  with  absolute  alcohol 
yielded  12.2  grams  of  sodium  ethylsulphate,  47.6  per  cent  of 
the  theory.  The  residue  insoluble  in  alcohol  gave,  on  dis- 
solving in  water,  acidifying  with  hydrogen  chloride,  etc.,  2.05 
grams  of  barium  sulphate,  which  corresponds  to  1.25  grams  of 
sodium  sulphate,  5  per  cent  of  the  theory. 

Ethyl  hoamyl  Sulphate,  C^H^O—SOj—OCsHu.— Twenty- 
two  grams  (1.5  mols.)  sodium  isoamylate,  dried  at  220°  in  a 
hydrogen  atmosphere  at  reduced  pressure,  were  suspended  in 
ICO  cc.  absolute  ether  and  cooled  in  a  freezing-mixture  of  ice 
and  salt,  and  19.5  grams  ethyl  chlorsulphonate  added,  drop 
by  drop.  The  temperature  of  the  reaction-mixture  was  now 
allowed  to  rise  spontaneously  to  about  15°.  It  was  observed 
that  the  sodium  isoamylate  gradually  dissolved  and  that  no 
salt  separation  took  place  after  half  an  hour's  standing  at 
room  temperature.  On  heating  the  mixture  under  a  reversed 
condenser,  much  salt  deposition  took  place.  The  ethereal  fil- 
trate was  first  distilled  at  about  100  to  150  mm.  pressure  in 
order  to  remove  the  excess  of  ether,  and  the  amyl  alcohol  and 
amyl  ethyl  ether  (a  fair  amount  is  present,  but  it  was  found 
impossible  to  separate  it  quantitatively  from  the  amyl  alcohol) 
formed  in  the  experiment. 

The  residual  oil  was  now  distilled  at  about  18  mm.  pres- 
sure. There  was  much  charring  and  evolution  of  sulphur  di- 
oxide, but  the  distillate,  after  washing  with  dilute  sodium 
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hydrate  and  drying  with  calcium  chloride,  yielded  5  grams,  or 
37  per  cent  of  the  theoretical  amount,  of  pure  ethyl  isoamyl 
sulphate  (see  below).  The  salt  residue,  insoluble  in  ether, 
was  worked  up  as  in  the  ethyl  series — i.  <?.,  dissolved  in  water, 
saturated  with  carbon  dioxide,  etc.  Absolute  alcohol  ex- 
tracted 7.4  grams  of  sodium  isoamyl  sulphate,^  or  29  per  cent 
of  the  theory.  The  insoluble  salt  residue  yielded  6.88  grams 
of  barium  sulphate,  corresponding  to  4.19  grams  or  21.8  per 
cent  sodium  sulphate. 

In  a  second  experiment  34  grams  of  sodium  isoamylate,  150 
cc.  ether,  and  30  grams  ethyl  chlorsulphonate  were  used. 
The  ethereal  solution  was  not,  however,  heated  under  the  re- 
versed condenser.  On  adding  about  25  grams  of  water  a 
thick,  gelatinous  mass  of  salts  was  precipitated,  which  dis- 
solved on  addition  of  more  water  (125  cc).  The  ethereal 
and  aqueous  solutions  were  now  worked  up  as  before.  The 
oil  that  remained  after  the  removal  of  the  amyl  alcohol  and 
amyl  ethyl  ether  was,  however,  not  directly  distilled,  but  first 
again  taken  up  in  ether,  washed  with  dilute  caustic  alkali, 
dried  with  , calcium  chloride,  and  then  distilled  at  reducetl 
pressure.  Thus  20  grams,  or  49  per  cent,  of  pure  ethyl  iso- 
amyl sulphate  were  obtained. 

0.4636  gram  substance  gave,  by  the  Carius  method,  0.5646 
gram  BaSO^. 

Calculated  for 
C2H5O— SO2— OCsHij.        .  Found. 

S  16.34  '  16.72 

Ethyl  isoamyl  sulphate  is  a  colorless  oil  resembling  diethyl 
sulphate.  Its  odor  is  less  agreeable,  however,  and  reminds 
one  of  that  of  bananas.  It  boils  at  127°  to  128°  under  15  mm. 
pressure,  and  possesses  the  sp.  gr.  1.079  at  20°  (Westphal). 
It  is  insoluble  in,  and  not  affected  by,  cold  water,  is  readily 
soluble  in  alcohol,  ether,  and  ligroin.  Heated  to  140°  it  be- 
gins to  decompose  rapidly. 

Ethyl  Isobutyl  Sulphate,  C.H^O— SO,— OC.Hg.— Proceeding 
in  a  manner  exactly  like  that  described  in  the  last  experiment, 

'  It  is  assumed  here,  but  not  certain,  that  this  salt  is  pure  and  free  from  sodium 
ethylsulphate.  The  same  remark  holds  good  of  the  corresponding  salts  obtained  in 
the  isopropyl  and  isobutyl  series. 
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of  the  amyl  series,  25  grams  (1.5  mols.)  sodium  isobutylate, 
suspended  in  100  cc.  absolute  ether,  were  treated  with  30 
grams  of  ethyl  chlorsulphonate.  The  following  reaction- 
products  were  isolated  : 

Ethyl  isobutyl  sulphate,  18.7  grams,  or  50  per  cent  of  the 
theory  ;  sodium  isobutyl  sulphate,  9.6  grams,  or  26  per  cent 
of  the  theory  ;  sodium  sulphate,  3.2  grams,  or  11  per  cent  of 
the  theory. 

The  ethyl  isobutyl  sulphate  obtained  boils  at  108°  under  a 
pressure  of  13  mm.  and  possesses  the  sp.  gr.  1.098  at  23° 
(Westphal).  It  is  a  colorless  oil,  insoluble  in  water,  with  an 
odor  similar  to  that  of  mandrake. 

0.6276  gram  substance  gave,  by  the  Carius  method,  0.8183 
gram  BaSO^. 

Calculated  for 
C2H5O— SO.— OC4H9.  Found. 

S  17.60  17-90 

Ethyl  Isopropyl  Sulphate,  C^H^O— SO,— OC3H,.— The  fol- 
lowing results  were  obtained  on  treating  27  grams  (2  mols.) 
sodium  isopropylate,  suspended  in  about  100  cc.  ether,  with 
22.8  grams  ethyl  chlorsulphonate :  Crude  ethyl  isopropyl 
sulphate,  16.2  grams,  or  62.2  per  cent ;  sodium  isopropyl  sul- 
phate, 7.5  grams  or  29.3  per  cent  of  the  theory.  The  ethyl 
isopropyl  sulphate  is  much  less  stable  than  the  other  sul- 
phates described,  and  consequently  there  is  much  loss  in  at- 
tempting to  distil  it  even  at  reduced  pressure.  Its  boiling- 
point  is  105°  at  18  mm,  pressure,  and  the  specific  gravity  at 
21°  was  found  to  be  1.143  (Westphal).  For  the  analysis,  a 
distilled  portion  was  taken  up  in  ether,  washed  with  dilute 
caustic  soda,  dried  with  calcium  chloride,  and  then  the  ether 
removed  by  heating  in  a  vacuum  to  60°. 

0.4904  gram  substance  gave,  by  the  Carius  method,  0.6664 
gram  BaSO^. 

Calculated  for 
C2H6O-SO2-OC3H7.  Found. 

S  18.95  18-65 

The  sodium  isopropyl  sulphate  obtained  closely  resembles 
sodium  isobutylsulphate  in  appearance,  soapy  feel,  and  solu- 
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bility  in  water  and  alcohol.  A  portion  of  it  was  hydrolyzed  by 
means  of  hydrochloric  acid  and  the  alcohol  thus  obtained 
found  to  boil  between  79°. 5  to  82°.  It  gave  acetone  by  oxida- 
tion as  was  proved  by  its  conversion  into  indigo  by  conden- 
sation with  ^-nitrobenzaldehyde. 

//.   The  Action  of  Sulphury  I  Chloride  on  Sodium  Alcoholates. 

Since  sulphuryl  chloride  and  ethyl  alcohol  give  over  60  per 
cent  of  the  theoretical  }deld  of  ethyl  chlorsulphonate,  it  is  to 
be  expected  that  sulphuryl  chloride  and  sodium  alcoholates 
(two  or  more  molecules)  will  give  results  entirely  analogous 
to  those  obtained  above  in  the  interaction  of  ethyl  chlorsul- 
phonate with  sodium  alcoholates,  since  alkyl  chlorsulphonates 
must  first  be  formed  as  intermediate  products.  This  was 
found  to  be  the  case.  There  is,  however,  always  in  addition 
a  formation  of  sulphite  which,  in  the  case  of  sodium  isopro- 
pylate,  amounted  to  48.6  per  cent  of  the  theory.  This  can 
only  be  understood  on  the  assumption  that  the  dissociation- 
products^  of  sulphuryl  chloride,  /.  <?.,  sulphur  dioxide  and 
chlorine,  and  not  this  reagent  as  such,  act  on  the  alcoholates. 

Sulphuryl  Chloride  and  Sodiu?n  Ethylate. — Thirty  grams  (3 
mols.)  of  sodium  ethylate,  suspended  in  100  grams  of  ligroin 
(b.  p.  62°  to  67°),  were  treated  with  20  grams  of  sulphuryl  chlo- 
ride, proceeding  in  a  manner  entirely  analogous  to  that  de- 
scribed in  the  case  of  the  ethyl  chlorsulphonate.  The  odor  of 
ethyl  chlorsulphonate  is  at  first  very  marked,  and  does  not  en- 
tirely disappear  until  the  temperature  reaches  15°.  The 
ligroin  filtrate  yielded  6.5  grams,  or  29.5  per  cent  of  diethyl 
sulphate  (b.  p.  96°  to  98°)  at  15  mm.  pressure.  The  salt  resi- 
due was  found  to  contain  11. 8  grams,  or  54  percent,  of  sodium 
ethylsulphate  (by  extraction  with  alcohol  after  treatment  in 
aqueous  solution  with  carbon  dioxide,  etc.).  It  was  also 
found  to  contain  0.73  gram  of  sodium  sulphate  (4.9  per  cent) 
and  0.067  gram  (or  0.7  per  cent)  sulphur  dioxide,  as  deter- 
mined by  titration  with  N/io  iodine  solution. 

Diisoamyl  Sulphate  from  Sulphuryl  Chloride  and  Sodium.  Iso- 
amylate. — Fifty-two  grams   (3.2   mols.)  sodium   isoamylate, 

1  Nef :  Ann.  Chem.  (Liebig),  318,  40  (1901). 


222  Bus  hong. 

150  cc.  absolute  ether,  and  20  grams  of  sulphuryl  chloride 
gave  8  grams,  or  23  per  cent  of  diisoamyl  sulphate,'  b.  p. 
149°  to  151°  at  12  mm.  pressure.  The  other  products  formed 
were  not  isolated. 

Diisobutyl  Sulphate,  {Q,^f^)^0^.  —  Seventy  grams  of 
sodium  isobutylate  (3.25  mols.),  suspended  in  absolute  ether 
and  treated  with  30  grams  of  sulphuryl  chloride,  etc.,  gave 
•27.5  grams,  or  55  per  cent,  of  diisobutyl  sulphate,  b.  p.  133° 
to  134°  under  19  mm.  pressure.  For  analysis  the  distillate 
was  taken  up  in  ether,  washed  with  dilute  caustic  soda,  dried 
with  calcium  chloride,  and  then  the  last  traces  of  ether  re- 
moved by  heating  in  a  distilling-flask  from  60°  to  80°  at  re- 
duced pressure. 

0.4308  gram  substance  gave,  by  the  Carius  method,  0.4848 
gram  BaSO^. 

Calculated  for 
(C4H90)2S02.  Found. 

s  15-25  15.45 

Diisobutyl  sulphate  cannot  be  prepared  by  the  interaction 
of  silver  sulphate  and  isobutyl  iodide.''  As  prepared  above, 
its  refractive  index  for  sodium  light  was  found  to  be  1.415, 
and  the  specific  gravity  is  1.042  at  23°  (Westphal).  The  salt 
residue  in  the  experiment  described  above  was  found  to  con- 
tain much  sulphite  (not  determined  quantitatively),  and  also 
yielded  6.6  grams,  or  18  per  cent,  of  sodium  isobutyl  sul- 
phate, on  digestion  with  alcohol. 

Diisopropyl Sulphate,  {Q.^^0)^^0^. — Thirty-one  grams  (3.5 
mols.)  of  sodium  isopropylate,  ether,  and  15  grams  of  sul- 
phuryl chloride  gave  4.5  grams  of  crude  diisopropyl  sulphate, 
heated  to  60°  at  reduced  pressure,  in  a  distilling-flask.  The 
substance  is  very  unstable,^  undergoing  decomposition  on 
standing  at  ordinary  temperature.  On  attempting  to  distil  it 
at  18  mm.  pressure,  a  small  portion  passed  over  at  about  106°. 
For  analysis  the  crude  oil,  not  distilled,  was  taken  up  in 
ether,  washed  with  caustic  alkali,  dried  with  calcium  chlo- 

1  Nef  :  Ibid.,  318,  42  (1901). 

2  Ann.  Chem.  (Webig),  318,  43  (1901). 

8  Berthelot  has  recently  obtained  this  substance  from  propylene  and  sulphuric 
acid. 
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ride,   and  the  ether  removed  by  heating  to  60°  at  reduced 
pressure.     The  substance  evidently  was  not  quite  pure. 

0-3454  gram  substance  gave,  by  the  Carius  method,  0.3956 
gram  BaSO^. 

Calculated  for 
(C3H70)2S02.  Found. 

S  17.60  15.73 

The  salt  residue  in  the  experiment  just  described  gave  18 
grams,  or  22  per  cent,  of  sodium  isopropyl  sulphate  on  digestion 
with  alcohol.  The  salt  left,  insoluble  in  alcohol,  was  found 
to  contain  3.456  grams  of  sulphur  dioxide  (or  48.6  per  cent) 
by  titration  with  N/io  iodine  solution. 

///.    The  Action  of  Ethyl  Chlorsulphonate  upon  Aniline. 

This  reaction  has  already  been  studied  by  Wenghoffer,' 
who  obtained  free  sulphanilic  acid  as  the  only  reaction-prod- 
uct. It  is  evident  from  the  experiments  of  Wagner^  and  of 
W.  Traube'  and  Bamberger*  that  phenylsulphaminic  acid 
must  first  have  been  formed,  which  readily  goes  over  into 
sulphanilic  acid.  It  is  noteworthy  that  no  trace  of  an  ester 
is  formed  according  to  the  equation 
CgH^NH,  4- CI— SO.OC.H^    —- 

CeHjNH— S0,0C,H,+  HC1    — 

H^NCgH  — SO^OC.Hj  -f-  HCl, 
as  was  proved  by  special  experiments.  Preliminary  experi- 
ments with  ethyl  chlorsulphonate  (i  mol.)  and  aniline  (3 
mols.)  inligroin  solution  have  proved,  furthermore,  that  much 
ethylaniline  (in  a  free  state  as  well  as  in  form  of  the  sulphate) 
is  formed  in  this  reaction,  as  was  established  by  its  conver- 
sion into  ethylphenylnitrosamine. 

These  experiments,  as  well  as  the  isolation  of  a  mixed  ether, 
ROCjH,,  in  the  interaction  of  ethyl  chlorsulphonate  with  free 
alcohols  and  their  salts,  show  that  ethyl  chlorsulphonate  is  an 
alkylating  agent,  acting  just  as  ethyl  halides,  nitrate,  sul- 
phate, etc.* 

1  J.  prakt.  Chem.  [2],  31,  1803. 

2  Ber.  d.  chem.  Ges.,  19,  1157. 
^  Ibid.,  23,  1653. 

*  Ibid.,  30,  2275. 

6Nef :  Aun.  Chem.  (Uebig),  309,  126-189;  3«8,  1-40.  138-147- 
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I  wish  to  cordially  thank  Dr.  Nef  for  his  careful  guidance 
and  cheerful  help  as  well  as  for  personal  kindness  shown  dur- 
ing the  prosecution  of  this  work. 
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THE  ACTION  OF  CARBON  MONOXIDE  ON  SODIUM 
ALCOHOI.ATES  ALONE  AND  IN  THE  PRES- 
ENCE OF  SAETS  OF  FATTY  ACIDS. 

By  W.  a.  Beatty. 

The  synthesis  of  salts  of  fatty  acids  by  the  action  of  carbon 
monoxide  on  sodium  alcoholates  gives  exceedingly  poor 
yields  and  has  been  applied  by  Geuther  and  Frohlich^  with 
success  only  in  two  cases,  namely,  sodium  methylate  and 
ethylate. 

The  experiments  of  Nef^  establish  decisively  that  these  syn- 
theses take  place  in  two  stages  :  i.  The  carbon  monoxide 
absorbs  the  sodium  hydroxide  resulting  from  the  dissociated 
sodium  alcoholate  molecules, 

C3.«  +  H0Na     n     C„H.„+xONa, 

and  thus  sodium  formate, 

0=rCrt  +  H— ONa  =  O  :  C< 

\ONa 

is  first  formed.  2.  The  sodium  formate  is  subsequently,  and 
only  to  a  very  limited  extent,  absorbed  bj' the  alkylidene  mole- 
cules simultaneously  set  free,  as  follows  : 

C„H,„n:  +  H— COONa  =  C„H.«+.COONa. 

It  is  also  clear  from  the  experiments  of  Nef  that  the  forma- 
tion of  alkylated  fatty  acids,  which  was  observed  by  Geuther 
and  his  students  on  passing  carbon  monoxide  over  a  mixture 
of  a  sodium  alcoholate  and  a  salt  of  a  fatty  acid,  is  an  alkyla- 
tion  phenomenon.^  The  carbon  monoxide  unites  with  the 
sodium  hydroxide  coming  from  the  dissociated  sodium  alco- 

1  Ann.  Chem.  (lyiebig),  303,  288-331. 

^  Ibid.,  318,  185. 

3  lUd.,  310,  316-335  ;  318,  143-172.    Cf.  Ibid.y  aoa,  288-331 ;  318,  57. 
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holate  molecules  to  give  sodium  formate  ;  the  alkylidene 
molecules,  liberated  at  the  same  time,  then  simply  alkylate 
the  fatty  acid  present,^  e.  g.  : 

^\ 

1  or  2CH3CH::X  H-  H— CHjCOONa  or       >CHCOONa  = 

CHjCH^v 
CH,CH,— CH.COONa  or  >CH— COONa. 

ch,ch/ 

It  seemed  desirable,  in  view  of  the  new  interpretation  of 
these  syntheses,  to  repeat  some  of  the  experiments  of  Geuther 
and  his  students.  I  have  therefore  undertaken  this  work  at 
the  suggestion  and  under  the  direction  of  Dr.  J.  U.  Nef. 

The  Action  of  Carbon  Monoxide  on  Soditim  Isoamylate. 

This  reaction  has  been  studied  by  Geuther  and  Frohlich,* 
who  obtained  much  formic  acid,  some  valeric  acid,  and  an  un- 
saturated acid,  CioHjgO^,  but  no  trace  of  isoamylformic  acid. 
Geuther  and  his  students  used  carbon  monoxide  made  from 
yellow  prussiate  of  potash  and  concentrated  sulphuric  aciS, 
and  there  is  some  doubt  whether  every  trace  of  air  was  ex- 
cluded in  their  experiments.  In  fact  it  was  sometimes  found 
impossible  to  repeat  or  confirm  their  work.  I  shall,  there- 
fore, simply  describe  my  own  results  and  the  exact  conditions 
under  which  they  were  obtained,  indicating  and  explaining 
briefly,  wherever  possible,  the  points  not  in  accord  with  pre- 
vious observations. 

1  Experiments  carried  out  by  Mr.  Higley  under  my  direction  have  now  made  it 
highly  probable  that  at  least  some  of  these  reactions  proceed  through  an  interme- 
diate formation  of  acetoacetic  ether.  Thus  ethylacetanilide  (2  mols.)  and  sodium 
ethylate  give,  by  aldol  condensation  (Ann.  Chem.  (Liebig),  298,  319), 

2  >N— C— CH3  +  2NaOC2H6    = 
CaHj/        II 

O 

/C2H6  /C2H6 

CH3— CONa  :  CHCOOCaHg  +  HOCaHg  +  HN<  +  NaN< 

\C6H5  ^CgHs 

acetoacetic  ether,  which  is  thereupon  converted,  in  part,  into  mono-  and  diethylated 
acetoacetic  ether  by  the  ethylidene  molecules  present.  These  substances  then  un- 
dergo the  "acid  splitting,"  and  thus  give  rise  to  the  mono-  and  dialkylated  acetic  acids 
obtained  by  Nef  and  by  Geuther  in  their  syntheses.  Mr.  Higley  will  soon  publish 
his  results  in  detail.  J.  U.  Nef. 

2  Ann.  Chem.  (Liebig),  20a,  294. 
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The  reaction-products  obtained  by  me  in  the  experiment 
under  discussion  were,  besides  valeric  acid,  i,  isopropyliso- 
amylacetic  acid  ;  2,  decyl  alcohol  or  isopropylisoamylethyl 
alcohol ;  3,  a  lactone,  CnHjoOj,  or  i-isobutyl-2-isopropylbutyro- 
lactone.  As  these  substances  had  all  been  isolated  and  care- 
fully studied  by  Nef  in  his  experiments  with  sodium  iso- 
araylate  my  work  was  much  simplified.  It  consisted  in  estab- 
lishing rigidly  the  identity  of  the  products  obtained  by  me 
with  the  corresponding  ones  obtained  by  Nef.  Furthermore, 
some  time  was  spent  in  the  study  of  an  oxidation-product 
obtained  from  the  lactone,  CuHjoOj.  A  dibasic  acid,  a-  or 
/ra«.y-isopropylisobutylsuccinic  acid  was  thus  obtained.  This 
is  isomeric — not  identical — with  a  /?-  or  ^'j'-isopropylisobutyl- 
succinic  acid  obtained  in  two  ways  by  synthesis,  and  up  to 
the  present  time  I  have  not  been  successful  in  converting  one 
of  these  isomers  into  the  other. 

The  carbon  monoxide  for  all  my  experiments  was  prepared 
from  oxalic  acid  and  concentrated  sulphuric  acid.  The  car- 
bon dioxide  was  removed  from  the  gaseous  mixture  by 
means  of  washing-bottles  containing  concentrated  caustic 
potash. 

The  carbon  monoxide  was  collected  in  a  gasometer  and 
then  purified  and  dried  before  use,  as  follows  :  It  was  first 
passed  through  two  large  Bunsen  wash-bottles  containing 
chromous  chloride  (to  remove  oxygen), and  then  through  two 
tubes  containing  soda-lime  and  fused  calcium  chloride,  and 
finally  through  a  wash-bottle  containing  sulphuric  acid. 

The  sodium  isoamylate  was  prepared  in  the  usual  way,  and 
the  last  traces  of  amyl  alcohol  were  removed  by  heating  in  a 
bath  at  220°  under  20  to  30  mm.  pressure.  450  grams  of 
sodium  isoamylate  were  heated  in  four  large,  glass  tubes  so 
placed  in  a  sealed-tube  furnace  that  the  carbon  monoxide  had 
a  continuous  passage  through  the  apparatus.  The  exit-tube 
was  connected  with  an  empty  wash-bottle  and  then  with  a 
Schiff's  azotometer.  The  rate  of  flow  and  absorption  of  gas 
could  thus  be  roughly  determined.  Precautions  were  also  taken 
to  avoid  an  entrance  of  air  when  the  furnace  was  turned  off  at 
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night  by  closing  the  end  of  the  apparatus  with  a  clamp  and  al- 
lowing the  gas  to  flow  at  full  pressure  into  the  cooling  tubes. 

The  sodium  isoamylate  was  heated  (temp.  180°  to  190")  in 
a  carbon  monoxide  atmosphere  for  about  two  weeks,  seven 
hours  daily.  At  the  end  of  this  time  the  tube  contents  were 
colored  brown  and  some  liquid  had  collected  at  the  ends  of 
the  tubes.  The  mass  was  poured  into  much  water  and  a 
larger  amount  of  oil  separated  on  top  of  the  strongly  alkaline 
aqueous  solution.  The  neutral  oils  were  extracted  by  means 
of  ether  and  then  dried  with  potassium  carbonate.  On  dis- 
tillation at  reduced  pressure,  12.2  grams  of  oil  boiling  between 
60°  and  100°  under  60  mm.  pressure  (chiefly  amyl  alcohol) 
and  101.4  grams  of  oil  boiling  between  100°  and  190°  at  16 
mm.  pressure  were  obtained,  besides  33  grams  of  resin  left  in 
the  distilling-flask.  The  main  fraction  (101.4  grams)  was 
now  treated  with  a  solution  of  101.4  grams  of  caustic  potash 
in  twice  its  weight  of  alcohol,  and  heated  with  a  return-con- 
denser for  ten  hours,  in  order  to  saponify  esters  of  acids  and 
convert  the  lactone,  CnHjoOj,  into  the  corresponding  j^-oxy- 
undecylenic  acid.  The  greater  part  of  the  alcohol  was  then" 
distilled  off  and  the  residue  treated  with  much  water  and  ex- 
tracted with  ether.  The  ethereal  extract,  dried  with  potas- 
sium carbonate,  gave,  on  distillation,  8  grams  of  oil  (b.  p. 
130°  to  208°),  chiefly  amyl  alcohol  and  25  grams  of  decyl 
alcohol  boiling  between  209°  and  212°.  Fourteen  and  seven- 
tenths  grams  of  oil,  boiling  between  212°  and  270°,  were  also 
obtained. 

The  decyl  alcohol  obtained  was  found  to  be  identical  with 
a  decyl  alcohol  first  observed  by  Borodin^  and  later  by  Guer- 
bet."     Its  constitution  as  isopropylisoamylethyl  alcohol, 

(CH,),-CH. 

>CH— CH.OH, 
(CH3),=CH-CH/ 

has  been  determined  by  Nef.*  The  identity  was  proved  by 
converting  it  by  means  of  potash-lime  into  the  corresponding 
isopropylisoamylacetic  acid   (b.  p.  241°)  and  its  well-crystal- 

1  Ber.  d.  chem.  Ges.,  5,  480. 

*  Bull.  soc.  chim.,  21,  450. 

»  Ann.  Chem.  (Liebig),  318,  151. 
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lized  derivatives,  the  amide  (m.  p.  112°),  and  anilide  (m.  p. 
105°).  These  vv^ere  found  to  agree  in  all  their  properties  with 
the  corresponding  substances  obtained  by  Nef . 

The  alkaline  solution  resulting  from  the  above-mentioned 
saponification  yielded,  on  acidifying  with  diluted  sulphuric 
acid  and  extracting  with  ether,  a  total  of  31.6  grams  of  oily 
acids.  On  distillation  at  9  mm.  pressure,  the  following  frac- 
tions were  obtained  :  Six  grams  boiling  between  90°  and 
125° ;  5.7  grams  between  125°  and  130°  ;  12.7  grams  between 
135°  and  137° ;  and  2  grams  between  137°  and  151°,  leaving  5 
grams  of  resin  in  the  distilling-flask. 

On  redistillation  and  subsequent  treatment  of  the  higher 
boiling  fractions  with  dilute  soda,  a  small  amount  of  oil  was 
found  to  be  neutral  in  character.  It  was  therefore  extracted 
by  ether,  and  on  fractionation  yielded  4  grams  of  the  ;/-oxy- 
undecylenic  acid  lactone,  CuH^gOj  (b.  p.  141°  to  145°  at  10 
mm.  pressure).  The  soda  solutions  gave,  on  working  up  for 
acids,  3  grams  of  isovaleric  acid  (b.  p.  174°  to  176°)  and  10 
grams  of  isopropylisoamylacetic  acid  (b.  p.  135°  to  137°  at  9 
mm.  pressure).  The  latter  was,  in  part,  converted  into  the 
crystallized  amide  and  anilide  mentioned  above,  and  thus 
sharply  identified. 

The  original  alkaline  solution  was  now  worked  up  by  acidi- 
fying with  dilute  sulphuric  acid  and  extracting  with  ether. 
After  drying  with  calcium  chloride  and  driving  off  the  ether 
the  residual  oil  was  distilled.  Fifty  and  seventh-tenths  grams 
of  oil  boiling  up  to  125°  at  40  mm.  pressure  (chiefly  formic 
and  isovaleric  acid)  and  71.4  grams  of  oil  boiling  between 
125°  to  200°  at  15  mm.  pressure,  were  obtained,  and  32 
grams  of  resin  were  left  in  the  distilling-flask.  On  treatment 
of  the  higher  boiling  fraction  with  soda  a  fair  amount  of  oil 
was  found  to  be  neutral.  It  was  therefore  extracted  by  ether 
and  yielded  10  grams  of  pure  lactone,  CdH^oOj  (b.  p.  142'  to 
144°  at  II  mm.).  The  soda  solutions  gave,  on  working  up 
for  acids,  besides  much  isovaleric  acid,  15  grams  of  pure  iso- 
propylisoamylacetic acid  (b.  p.  241°). 

The  lactone,  CnHjoO^,    obtained  in   this    experiment  was 


Action  of  Carbon  Monoxide.  229 

identified  by  its  conversion  into  the  corresponding  undecylenic 
acid  and  its  crystalline  amide^  (m.  p.  82°). 

From  the  above  it  will  be  seen  that  450  grams  of  sodium 
isoamylate  yielded,  after  treatment  with  carbon  monoxide  for 
twelve  days,  25  grams  of  decyl  alcohol  (isopropylisoamyl- 
ethyl  alcohol),  14  grams  of  }^-oxyundecylenic  acid  lactone, 
Cj^HjoOj,  25  grams  of  isopropylisoamylacetic  acid,  besides 
some  amyl  alcohol  and  much  formic  and  isovaleric  acids. 

The  substances  obtained  in  this  experiment  were  sharply 
identified  by  conversion  into  well-known  crystalline  deriva- 
tives. Their  analysis  was  deemed  unnecessary  because  the 
same  reaction-products  were  obtained  in  an  experiment  whose 
description  follows  and  in  which  all  the  substances  obtained 
were  analyzed. 

The  Action  of  Carbon  Monoxide  on  a  Mixture  of  Sodium  Ace- 
tate and  Sodium  Isoamylate. 

By  passing  carbon  monoxide  over  an  equimolecular  mix- 
ture of  sodium  ethylate  and  sodium  acetate  at  160°  to  200°, 
Geuther  and  Frohlich*  obtained,  among  other  products,  ethyl- 
acetic  acid  and  diethylacetic  acid.  By  using  a  mixture  of 
sodium  isoamylate  and  sodium  acetate  Poetsch^  isolated  large 
amounts  of  an  acid,  C^Hj^Oj,  which,  from  its  properties,  must 
be  considered  as  isoamylacetic  acid.  Nef  obtained*  from 
sodium  isoamylate  and  ethylacetanilide,  at  150°,  a  large  yield 
of  isoamylacetic  acid.  These  results  are  due  either  to  a  direct 
alkylation  of  the  sodium  acetate  or  ethylacetanilide  present, 
or  to  an  alkylation  of  an  acetoacetic  acid  derivative  (formed 
as  an  intermediate  product  through  aldol  condensation)  and 
subsequent  "acid  splitting"  of  the  mono-  and  dialkylated 
acetoacetic  acid  derivative — as  pointed  out  in  a  foot-note  in 
the  introduction.  It  is  also  obvious  that  the  oenanthylic  acid, 
C^Hj^O,  (b.  p.  222°  to  226°),  obtained  by  Loos^  by  the  action 
of  sodium  ethylate  on  sodium  isovalerate  must  be  identical 
with  ethylisopropylacetic  acid. 

1  Nef  :  Ann.  Chem.  (Uebig),  318,  154-155- 

2  Ann.  Chem.  (Liebig),  20a,  288-331. 

3  Ibid.,  ai8,  57- 
<  Ibid.,  318,  145- 
5  Ibid.,  aoa,  321. 
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Furthermore,  Geuther  and  Frohlich,  as  well  as  Poetsch, 
very  frequently  obtained  in  their  experiments  with  sodium 
isoamylate  neutral  compounds  which  they  regarded,  without 
any  further  evidence,  as  ketones.  It  is  obvious  that  one  of 
these  which  was  obtained  by  them  in  especially  large  amount 
and  to  which  they  give  the  boiling-point  203°  to  210°  was 
decyl  alcohol,  i.  e.,  the  isopropylisoamylethyl  alcohol  men- 
tioned above. 

Finally,  it  is  clear  from  what  follows,  that  on  mixing  a 
sodium  alcoholate  with  a  sodium  salt  of  a  fatty  acid  (such  as 
acetic  or  isovaleric  acid)  it  is  essential  that  the  latter  should 
be  added,  finely  pulverized,  directly  to  the  alcoholic  solution 
of  the  sodium  alcoholate,  and  the  alcohol  subsequently  re- 
moved by  distillation  in  a  hydrogen  atmosphere  at  ordinary 
or  reduced  pressure.  A  more  intimate  mixture  is  thus  ob- 
tained, and  very  probably  a  combination  between  the  alco- 
holate and  sodium  salt  of  the  fatty  acid  invariably  takes 
place,  e.  g., 

CH,\      /ONa 
CH3— C=0 -h  Na— OR     ^  >C< 

I  NaO/     \0R 

NaO 

and  thus  naturally  an  aldol  condensation  must  take  place  by 
heat  or  on  standing  (even  before  the  carbon  monoxide  is 
passed  over  the  mixture).  Such  an  addition-product  was  in 
fact  isolated  in  the  case  of  sodium  ethylate  and  potassium 
acetate  (see  below). 

Geuther  and  Frohlich,  as  well  as  Loos  and  Poetsch,  in  the 
experiments  alluded  to,  must  have  prepared  their  mixture  of 
sodium  alcoholate  and  sodium  salt  of  a  fatty  acid  in  this  wa^^, 
for  if  one  mixes  intimately,  in  a  mortar,  dry  sodium  isoamylate 
and  fused  sodium  acetate  in  equimolecular  proportions,  and 
then  passes  carbon  monoxide  over  the  mixture  at  150°  to  200°, 
the  sodium  acetate  is  left  entirely  unaffected.  In  this  case 
the  same  reaction- products  are  obtained  as  when  sodium  iso- 
amylate alone  is  used,  as  is  evident  from  the  following  : 

An  equimolecular  mixture,  310  grams,  of  sodium  acetate 
and  sodium  isoamylate,  obtained  by  grinding  the  two  sub- 
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stances  together  in  a  mortar,  was  heated  in  the  apparatus  de- 
scribed above  and  carbon  monoxide  passed  over  it  (temp.  180° 
to  200°)  for  eight  days,  seven  hours  daily.  On  working 
up  as  in  the  previous  case — pouring  into  4  liters  of  water, 
separating  the  neutral  and  acid  components — the  following 
products  were  obtained  and  sharply  identified  by  conversion 
into  well-defined  and  crystalline  derivatives,  and  by  analysis. 
The  neutral  portion  gave,  on  the  first  fractionation,  25.7 
grams  of  oil  boiling  from  70°  to  90°  at  60  mm.,  14.5  grams 
boiling  from  90°  to  120°  at  9  mm.,  and  18.9  grams  oil  boiling 
between  120°  and  185°  at  9  mm.  pressure.  Twenty-one  grams 
of  resin  were  left  in  the  distilling-flask.  The  low-boiling  oil 
was  found  to  consist  chiefly  of  isoamyl  alcohol  boiling  from 
129°  to  131°.  From  the  middle  fraction,  after  two  distilla- 
tions, 9.1  grams  of  pure  decyl  alcohol  boiling  between  97°  and 
99°  at  8  mm.  pressure,  were  finally  obtained.  This  was  a 
fragrant  oil  that  boiled  at  210°  to  212°  and  gave  the  following 
figures  on  analysis  : 

I.  0.2282  gram  substance  gave  0.6360  gram  CO^  and  0.2784 
gram  H^O. 

II.  0.1903  gram  substance  gave  0.5293  gram  CO,  and 
0.2324  gram  HjO. 

Calculated  for  Found. 

C10H22O.  I.  II. 

C  75.94  76.01  75.85 

H  13.92  13-55  13-57 

That  the  decyl  alcohol  obtained  was  isopropylisoamylethyl 
alcohol  was  proved  by  its  conversion  into  isopropylisoamyl- 
acetic  acid  and  its  amide  and  anilide. 

On  refractionating  the  high-boiling  neutral  oil,  18.9  grams, 
two  fractions  were  obtained  and  analyzed.  The  first  of  these 
boiled  at  130°  to  133°  at  8  mm.  and  the  second  from  134°  to 
140°  at  the  same  pressure.  No  definite  conclusion  from  the 
data  obtained  could  be  drawn  concerning  the  nature  of  the 
product  or  products  present. 

It  will  be  noticed  that  a  similar  product  (14.7  grams,  b.  p. 
212°  to  270°)  was  obtained  in  the  first  experiment  with 
sodium  isoamylate  and  carbon  monoxide  alone   (see  above). 
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It  is  probable  that  some  1,3-decylglycol  (ar-isobutyl-/?-iso- 
propyltrimethyleneglycol)/  as  well  as  some  amyl  decylate  and 
decyl valerate,  were  present,  but  I  was  unable  to  establish  this 
rigidly  by  experiment.  The  high-boiling  fractions  were  di- 
gested with  alcoholic  potash  and  thus  3  grams  of  decyl  alco- 
hol and  2  grams  of  a  neutral  oil  (b.  p.  132°  to  136°  at  10  mm. 
pressure),  which  gave  no  definite  results  on  analysis,  were 
obtained.  The  alkaline  solution  resulting  from  the  saponifi- 
cation gave,  on  working  up  for  acids,  3  grams  of  isovaleric 
acid  (b.  p.  174°  to  176°)  and  4.5  grams  of  oil  boiling  from  140° 
to  142°  at  10  mm.  pressure.  The  latter  was  found  to  be  neu- 
tral towards  soda  and  to  consist  chiefly  of  ;/-oxyundecylenic 
acid  lactone,  CiiH2o02- 

From  the  original  alkaline  solution,  containing  the  acid  re- 
action-products, 50  grams  of  crude,  oily  acids  were  isolated. 
On  distillation,  the  following  fractions  were  obtained  :  9  grams 
boiling  up  to  60°  at  60  mm.  pressure  ;  8.9  grams  boiling  from 
60°  to  100°  at  20  mm.  ;  20.6  grams  boiling  from  100°  to  180° 
at  20  mm.  pressure.  Ten  grams  of  resin  remained  in  the  dis- 
tilling-flask.  On  treating  the  higher-boiling  fraction  with 
soda  and  extracting  with  ether,  10  grams  of  the  lactone, 
CjiH^oOj,  boiling  from  141°  to  143°  at  12  mm.  pressure,  were 
obtained. 

I.  0.2120  gram  substance  gave  0.5566  gram  COj  and 
0.2028  gram  H^O. 

II.  0.1176  gram  substance  gave  0.3091  gram  CO2  and 
0.1 139  gram  HjO. 

Calculated  for  Found. 

CuHzoOa.  I.  II. 

C  71.74  71.6  71.68 

H  10.87  10.62  IO-77 

The   lactone   was   also   identified   through   conversion    (4 
grams)  into  the  lime  salt,  which  was  crystallized  from  much 
water  and  dried  at  100°.^ 
0.5108  gram  salt  gave  0.1578  gram  CaSO^. 


Ca 

1  Ann.  Chem.  (Liebig),  3i8,  165. 
»  Cf .  Nef  :  Loc.  cit. 


Calculated  for 
C52H420eCa. 

Found. 

9-05 

9.08 
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The  remainder  of  the  lactone  was  converted  into  the  corre- 
sponding undecylenic  acid  and  its  amide,  m.  p.  82°,  and  these 
were  found  to  be  identical  in  their  properties  with  those  given 
by  Nef. 

The  soda  solutions  from  which  the  lactone  had  been  re- 
moved and  the  lower-boiling  fractions,  mentioned  above,  were 
found  to  contain  chiefly  two  acids,  much  isovaleric  acid  (b. 
p.  175°),  and  about  15  grams  of  isopropylisoamylacetic  acid 
(b.  p.  241°),  proved  byconversion  into  the  amide  (m.  p.  112°) 
and  the  anilide  (m.  p.  105®).  The  intermediate  fraction,  2 
grams  only,  may  have  contained  traces  of  isoamylacetic  acid, 
which  boils  at  212°,  but  it  is  certain  that  this  substance  is  not 
an  essential  reaction-product  in  the  experiment  carried  out  as 
described  above.  Poetsch  obtained,  in  a  similar  experiment 
from  746  grams  of  sodium  isoaraylate  and  546  grams  of 
sodium  acetate,  40  grams  of  decyl  alcohol  (b.  p.  203°  to  206°), 
50  grams  of  isovaleric  acid  (b.  p.  165°  to  200°),  80  grams  of 
isoamylacetic  acid  (b.  p.  200°  to  240°,  chiefly  212°  to  213°), 
and  40  grams  of  acid  boiling  from  240°  to  300°  (isopropyliso- 
amylacetic acid(?),  lactone,  CiiH,oO,(?)).  The  cause  of  the  dif- 
ference in  the  results  obtained  has  already  been  discussed. 

The  formation  of  a  primary  decyl  alcohol,  its  corresponding 
isopropylisoamylacetic  acid,  and  a  lactone,  CuHjoO,,  by  the 
action  of  carbon  monoxide  on  sodium  isoamylate  alone  or  in 
the  presence  of  sodium  acetate,  as  shown  above,  is  easily  un- 
derstood in  view  of  the  experiments  of  Nef.^ 

Valeraldehyde,  which  is  formed  by  the  action  of  isoamyli- 
dene  on  sodium  hydroxide,  is  alkylated  by  the  excess  of  iso- 
amylidene  molecules  present  and  thus  isopropylisoamylacet- 
aldehyde, 

(CH,),CH— CH— CH  :  O  +  r:CH— CH,CH(CH,),  = 

H 

(CH,),CH— CH— CHO, 

I 
(CH,),CHCH,CH, 

is  first  formed,  which  is  then  in  part  reduced   by  the  atomic 

1  Ann.  Chem.  (Liebig),  318,  147-173. 
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hydrogen  present  to  the  corresponding  decyl  alcohol,  and  in 
part  converted  by  the  sodium  hydroxide,  according  to  the 
Dumas- Stas'  reaction,  into  isopropylisoamylacetic  acid. 

The  valeraldehyde  is  also  in  part  converted  into  the  aldol 
which  by  reduction  gives  i-isobutyl-2-isopropyltrimethylene- 
glycol.  The  1,3-decylglycol,^  or  its  monosodium  salt  thus 
formed,  then  reacts  by  alkylation  with  the  sodium  formate  (re- 
sulting from  the  action  of  carbon  monoxide  on  sodium  hy- 
droxide) to  give  the  oxy-acid,   CjjH^Oj,  which,  on  acidify- 


(CH,),CH— CH— CH,OH 

(CH3),CH— CH  — C  n:  +  H— COONa  +  H,0  or  NaOH  == 
Dissociated  1,3-decylglycol. 

(CH3),CH— CH— CH,OH 

(CH3),CH—CH—CH— COONa. 

Na  salt  of  the  oxy-acid  C11H22O3. 

The  interaction  between  carbon  monoxide  and  sodium  iso- 
amylate  is  thus  in  every  way  analogous  and  comparable  to 
that  taking  place  between  sodium  isoamylate  and  formethyl- 
aniline  which  has  been  exhaustively  investigated  by  Nef. 

The  Oxidation  of  the  Lactone  CyJIjD^  to  a-  or  Trans-isopropyl- 

(CH3),CH— CH— COOH 
isobutylsuccinic  Acid,  \ 

( CH3)2CH— CH  — CH— COOH 

The  constitution  of  the  lactone,  CuHjoOj,  as  given  above, 
follows  from  the  fact  that  the  corresponding  oxy-acid, 
CjjHjjOg,  gives  by  oxidation  with  permanganate,  or  by  treat- 
ment with  potash-lime  at  250°,  a  dicarboxylated  acid, 
CgH,8=(C00H,).  This  proves  that  the  hydroxyl  group  in 
the  oxy-acid  must  be  present  as  a  primary  alcohol  group,  and 

1  Rosinger  claims  (Ann.  Chem.  (Liebig),  322,  131-133)  that  the  substance  de- 
scribed by  me  (Ann.  Chem.  (Liebig),  318,  165)  was  not  1,3-decylglycol  but  its  mono- 
valerate.  This  is  incorrect,  as  my  substance  was  heated  for  two  hours  with  an  ex- 
cess of  caustic  potash  at  110°  and  I  obtained  39  grams  of  isovaleric  acid  from  201.4 
grams  valeraldehyde  taken.  Furthermore,  I  expressly  state  (p.  166)  that  my  decyl- 
glycol  was  not  affected  by  alcoholic  potash.  In  his  experiments,  Rosinger  has  de- 
termined clearly  the  conditions  under  which  the  monovalerate  of  1,3-decylglycol  can 
be  isolated  as  an  intermediate  product.  J.  U.  Nbf. 


Action  of  Carbon  Monoxide.  235 

consequently  excludes  another  possible  formula  for  the  oxy- 
acid,  <?.  g.  : 

(CH,),CH— CH-CHH:  +  H— COONa  +  H,0  or 
(CHJjCH— CH— CHOH 

Dissociated  1,3-decylglycol. 

NaOH  =  (CH3),CH—CH—CH— COONa 

I 
(CH,),CH— CH— CHOH 

Sodium  salt  of  a  7-oxy-acid,  CiiH^aOj. 

An  oxy-acid  of  the  constitution  given  here  would  be  readily 
oxidized  to  a  }/-ketonic  acid  or  to  a  secondary  amylisobutyl- 
ketone  but  could  not  possibly  give  a  dibasic  acid,  CuHjqO^, 
with  the  same  number  of  carbon  atoms — hence  the  constitu- 
tion of  the  lactone,  CjiHjqOj,  as  given  by  Nef ,  must  be  correct. 

Twenty  grams  of  lactone,  CuHjoOj,  prepared  according  to 
Nef's  method,  were  heated  with  a  concentrated  solution  of 
caustic  soda  until  the  lactone  had  all  dissolved.  On  cooling, 
a  solution  of  20  grams  of  potassium  permanganate  was  added 
at  once  and  the  mixture  (volume  about  i  liter)  allowed  to 
stand  in  the  cold  until  decolorized.  After  filtering,  acidify- 
ing, extracting  with  ether,  the  oily  reaction-product  obtained 
was  distilled  at  reduced  pressure.  Six  grams  of  lactone, 
CiiHjoOj,  were  recovered  and  the  residue  left  in  the  distilling- 
flask  (bath  200°  at  9  mm.)  solidified  on  cooling.  It  was 
washed  with  low-boiling  ligroin  and  then  crystallized  from 
hot  water,  and  thus  about  12  grams  of  an  acid,  crystallizing  in 
long  needles  and  melting  at  142°,  were  obtained. 

0.2041  gram  substance  gave  0.4580  gram  CO,  and  0.1702 
gram  HjO. 


Calculated  for 

CnHaoO*. 

Found. 

c 

61.10 

61.19 

H 

9.26 

9.26 

A  silver  salt  was  made  by  adding  a  solution  of  the  acid, 
carefully  neutralized  by  means  of  dilute  ammonia,  to  an  ex- 
cess of  aqueous  silver  nitrate.  The  salt  comes  down  as  a 
white,  flocculent  precipitate,  which  was  well  washed  and  dried 
over  sulphuric  acid  in  vacuo. 
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0.2218  gram  salt  gave,  on  ignition,  o.iiio  gram  Ag. 

Calculated  for 
CiiHi804Ag2.  Found. 

Ag  50.23  50.00 

The  a-  or  /raw^-isopropylisobutylsuccinic  acid  thus  obtained 
is  easily  soluble  in  ether  and  alcohol,  but  almost  insoluble  in 
benzene  and  ligroin.  A  very  small  amount  (o.i  gram)  of  a 
lower  melting  (109°  to  115°)  acid  was  found  in  the  aqueous 
mother-liquors,  but  it  was  impossible  to  determine  the  nature 
of  this  product.  It  certainly  is  not  isopropylsuccinic  acid  or 
the  ft-  or  m-isopropylisobutylsuccinic  acid  obtained  by  syn- 
thesis (see  below). 

a-  or  ^^•a^z.y-Isopropylisobutylsuccinic  acid  is  also  obtained 
in  fine  yield  by  heating  the  lactone  CnH^gO^,  with  an  excess 
of  potash-lime  at  250°  until  the  evolution  of  hydrogen  ceases. 
Thus,  6  grams  of  lactone  gave  5  grams  of  oily-acid  products 
from  which  2.5  grams  of  the  pure  acid,  melting  at  142°,  were 
obtained. 

Synthesis  of  ft-  or  cis-Isopropylisobutylsuccinic  Acid, 
(CH3),CH— CH— COOH 

(CH3),CH— CH— CH— COOH* 
The  symmetrical,  dialkylated,  succinic  acids  have  usually 
been  obtained  by  synthesis  in  two  stereoisomeric,  cis-  and 
trans-,  modifications  which  are  mutually  introconvertible  by 
means  of  hydrogen  chloride,  acetic  anhydride  and  acetyl 
chloride. 

The  m-diisopropyl  and  the  m-diisobutylsuccinic  acids  have 
been  isolated  but  up  to  the  present  time  have  not  been  con- 
verted into  the  corresponding  trans-isova^x^.  The  terms  cis- 
and  trans-  are  simply  relative  terms  to  designate  the  two 
stereoisomers,  the  term  trans-  being  applied  to  the  higher 
melting  and  less  soluble  isomer. 

It  was,  therefore,  a  priori,  possible  that  a  synthetic  iso- 
propylisobutylsuccinic  acid  would  be  obtained  in  the  cis  form 
only.  This  was  found  to  be  the  case,  and  since  this  sub- 
stance was  found  to  be  different  from  an  isopropylisobutylsuc- 
cinic  acid  obtained  from  the  lactone,  CnHj^O,  (see  above),  it 
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must  be  concluded  that  the  latter  is  the  trans  modification. 
Up  to  the  present  time  I  have  not  been  successful  in  convert- 
ing these  isomers  into  each  other,  although  it  must  be  ad- 
mitted that  neither  of  them  has  yet  been  exhaustively  studied, 
and  only  one  experiment  was  carried  out  in  this  direction. 
Heated  in  a  sealed  tube  with  concentrated  hydrochloric  acid 
at  200°  to  230°  the  cis,  as  well  as  the  traris,  isomer  was  recov- 
ered unaltered. 

The  «^-isopropylisbutylsuccinic  acid,  which  melts  at  118° 
to  119°,  was  prepared,  in  two  ways,  synthetically  : 

1.  From  sodium  isobutylmalonic  ester  and  ar-bromisovaleric 
ester.     The  resulting  isopropylisobutylethane  tricarboxylate,' 

(CH3),CH— CH— C(COOC,H,), 

(CH3),=  CH— CHCOOCjHj ' 
saponified  by  means  of  alcoholic  potash,  gave,  by  subsequent 
loss  of  carbon  dioxide,  the  substance  under  discussion. 

2.  From  «-bromisobutylacetic  ether  and  sodium  malonic 
ester.     The  resulting  isobutylethanetricarboxylate, 

( CH,)  ,CH— CH  — CH— COOCjHj 

HC(COOC,H,), 
was  then  converted  into  sodium  salt,  and  this,  treated  with 
isopropyliodide,    gives    an   isomeric   isopropylisobutylethane 
tricarboxylate,   which,   on  saponification  and  loss  of  carbon 
dioxide,  gives  ^'^-isopropylisobutylsuccinic  acid. 

First  Method  of  Synthesis . — Eighty- three  grams  of  isobutyl- 
malonic ester  were  converted  into  the  sodium  salt  by  treat- 
ment in  absolute  ethereal  solution  with  sodium  wire.  The 
sodium  salt  is  very  soluble  in  ether  and  is  obtained, on  remov- 
ing the  ether  over  sulphuric  acid  in  vacuo,  as  a  gelatinous, 
sticky  mass.  This  was  treated  in  sealed  tubes  with  the  theo- 
retical amount  of  ethyl  o'-bromisovalerate,  heating  at  first  for 
six  hours  at  125°  to  130°  and  then  for  eight  hours  at  140°  to 
150°.  On  pouring  into  water,  extracting  with  ether,  and 
fractionating  in  vacuo,  36  grams  of  isopropylisobutylethane 
tricarboxylate,^  boiling  at  175°  to   180°  at   14  mm.  pressure, 

1  Cf.  Bischoff :  Ber.  d.  chem.  Ges.,  ap,  976. 
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were  obtained  (there  was  a  considerable  forerunner) .  Heated 
for  eight  hours  under  a  reversed  condenser  with  30  grams  of 
caustic  potash  and  60  grams  of  alcohol,  saponification  took 
place,  and  the  corresponding  free  acid  was  obtained  as  an  oil, 
on  extracting  the  acidified  solution  with  ether.  On  heating 
to  240°  it  lost  carbon  dioxide  and  gave  the  anhydride  of  cis- 
isopropylisobutylsuccinic  acid.  It  was  dissolved  in  concen- 
trated aqueous  caustic  potash.  On  acidifying,  extracting 
with  ether,  etc.,  the  crude  acid  obtained  gradually  solidified 
while  standing  over  sulphuric  acid  in  vacuo.  It  was  now 
washed  with  low-boiling  ligroin  and  purified  by  dissolving  in 
glacial  acetic  acid  and  precipitating  b)''  addition  of  water. 
m-Isopropylisobutylsuccinic  acid  is  thus  obtained  in  white, 
crystalline  needles  or  plates,  melting  at  118°  to  119°.  The 
acid,  which  is  quite  soluble  in  acetone,  acetic  ether,  benzene, 
and  acetic  acid,  but  very  sparingly  soluble  in  cold  water,  was 
not  analyzed  in  the  free  state.  It  gives  insoluble  calcium  and 
silver  salts  (analysis,  see  below).  Especially  characteristic 
is  its  behavior  towards  ammonia  after  heating  to  240°,  when 
anhydride  formation  probably  takes  place  (the  anhydride  was 
not  isolated) .  On  addition  of  aqueous  ammonia,  solution  takes 
place  and  on  acidifying  with  sulphuric  acid  a  very  voluminous, 
white  precipitate  separates  out.     This  is  the  amino  acid, 

XONH, 
^COOH 

It  was  purified  by  dissolving  in  acetone  and  precipitating 
with  water.  It  formed  fine,  silky  needles,  melting  at  145° 
to  146°  (analysis,  see  second  method  of  synthesis). 

In  a  similar  manner  the  corresponding  anilido  and/-toluido 
acids  were  obtained,  i.  e.,  by  treating  the  heated  cis-a.c\d  with 
aniline  and  /-toluidine,  respectively.  The  former  melts  at 
149°  to  150°  (needles,  from  alcohol)  and  the  latter  at  156°  to 

I57^ 

The  calcium  salt  of  «^-isopropylisobutylsuccinic  acid,  ob- 
tained as  a  crystalline  precipitate  on  adding  a  solution  of 
the  acid,  carefully  neutralized  with  ammonia,  to  concentrated, 
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aqueous  calcium  chloride, gave  the  following  analytical  results, 
after  drying  at  140°. 

I.  0.3700  gram  salt  gave  0.0812  gram  CaO. 
II.  0.2208  gram  salt  gave  0.0481  gram  CaO. 

Calculated  for  Found. 

CaCuHisO*.  I.  II. 

Ca  15.75  15-67  15-55 

The  corresponding  silver  salt,  made  by  double  decomposi- 
tion from  the  ammonium  salt  and  silver  nitrate,  was  obtained 
as  a  white,  amorphous  precipitate. 

0.4160  gram  salt,  dried  over  £[280^  in  vacuo,  gave  0.2080 
gram  Ag. 

Calculated  for 
CnHi804Ag2.  Found. 

Ag  50.23  50.19 

The  silver  salt  of  the  amino  acid,  CjHjg^  ,  melting- 

^COOH 
point   146°,  was  obtained  by  double  decomposition  reaction 
from  the  ammonium  salt  and  silver  nitrate  as  a  white,  gelatin- 
ous, amorphous  precipitate. 

0.2767  gram  salt,  dried  over  sulphuric  acid  in  vacuo,  gave 
0.0949  gram  Ag. 

Calculated  for 

CiiHjoOgNAg.  Found. 

Ag  33-54  33-7 

Second  Method  of  Synthesis. — Isobutylacetic  acid  (b.  p.  200° 
to  202°),  made  according  to  the  directions  of  W.  A.  Noyes,^ 
was  converted  into  a-bromisobutylacetic  ether  (b.  p.  99°  to 
102°  at  17  mm.  pressure),  by  the  method  of  Bentley  and 
Perkin."  One  hundred  and  forty-two  grams  of  the  «-brom- 
ester  were  treated  in  sealed  tubes  with  56  grams  of  sodium 
malonic  ester,  heating  first  for  five  hours  at  100°  and  then  for 
sixteen  hours  at  135°  to  140°.  Thus  130  grams  of  a,af,^-iso- 
hexane  tricarboxylate, 

(CH3),CH— CH— CHCOOC^Hs 

CH(COOC,H,)/ 

1  J.  Am.  Chetn.  Soc,  i8.  393. 

8  J.  Chem.  Soc.  (I,ondon),  73,  49, 
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(b.    p.    176°   to    177°   at    19   mm.    pressure)    were  obtained. 
0.2421  gram  substance  gave  0.5298  gram  CO,  and  0.1877 
gram  HjO. 


Calculated  for 
CisHssOj. 

Found. 

c 

H 

59.80 
8.55 

59-71 
8.62 

A  portion  of  the  substance  (10  grams)  was  saponified  by 
means  of  alcoholic  potash  and  converted  by  subsequent  loss  of 
carbon  dioxide  into  isobutylsuccinic  acid,  which  was  found 
identical  in  its  properties  with  those  given  in  the  literature. 
Another  portion,  40  grams,  was  converted  into  the  sodium 
salt  by  means  of  sodium  in  absolute  ethereal  solution.  The 
.salt,  which  is  quite  soluble  in  ether,  is  obtained  on  evapora- 
tion of  the  ether  over  sulphuric  acid  in  a  vacuum  as  an 
amorphous  mass.  It  was  heated  in  a  sealed  tube  with  1.5 
molecules  of  isopropyliodide,  at  first  for  two  hours  at  125°  and 
then  for  ten  hours  at  140°  to  150°.  On  working  up  the  reac- 
tion-product, 20  grams  of  oil  (b.  p.  186"  to  188°  at  15  mm. 
pressure)  were  obtained.  Analysis  proved  that  the  product 
was  still  not  quite  completely  alkylated. 

0.2094  gram  substance  gave  0.4772  gram  CO,  and  0.1721 
gram  H,0. 


Calculated  for 

C18H32O8. 

Found. 

c 

62.8 

62.01 

H 

9-3 

9.18 

The  substance  was,  therefore,  again  treated  with  sodium 
and  isopropyl  iodide.  A  product,  boiling  from  188°  to  190°  at 
15  mm.  pressure,  was  now  obtained  which  is  obviously  pure 
isopropylisobutylethane  tricarboxylate, 

(CH,),CH— CH— CHCOOC.H5 

I 
(CH3),=CH-C(C00C,H,), 

It  was  saponified  with  alcoholic  potash  and  the  resulting  oily 
acid  converted  by  heating  to  240°  with  loss  of  carbon  dioxide 
into  the  anhydride  of  m-isopropylisobutylsuccinic  acid.  On 
adding  aqueous  ammonia  and  acidifying,  the  amino  acid, 
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.COOH 

^CONH, 

mentioned  above,  separates  out  as  a  bulky  precipitate.  It 
was  purified  by  dissolving  in  acetone  and  precipitating  with 
ligroin.  Fine  needles,  melting  at  146°,  and  identical  in  all 
their  properties  with  the  corresponding  product  in  the  first 
method  of  synthesis,  were  obtained.  The  substance  is  solu- 
ble in  alcohol  and  acetone,  very  slightly  soluble  in  ether 
and  chloroform,  and  practically  insoluble  in  benzene  and 
ligroin.  Heated  with  lime  or  with  concentrated  aqueous  pot- 
ash, it  gives  off  ammonia  and  is  converted  into  m-isopropyl- 
isobutylsuccinic  acid  melting  at  118°.  An  analysis  of  the 
amino  acid  (an  analysis  of  the  silver  salt  is  given  above)  gave 
the  following  results  : 

0.2163  gram  substance  gave  0.4868  gram  CO2  and  0.1937 
gram  H^O. 

0.2500  gram  substance,  heated  with  lime,  required  11.5  cc. 
N/io  HjjSOi  on  titration. 


Calculated  for 
C11HS1NO3. 

Found. 

c 

H 

N 

61.39 
9.76 
6.51 

61.35 

9-95 
6.44 

Sodium  Ethylate  and  Sodium  Acetate  Heated  Alone  and  in  the 
Presence  of  Carbon  Monoxide. 

A  repetition  of  the  experiment  b}'^  Geuther  and  Frohlich,' 
using  a  mixture  of  380  grams  of  sodium  ethylate  and  sodium 
acetate  (equal  molecules  mixed  intimately  in  a  mortar)  and 
passing  carbon  monoxide  over  the  mass  at  180°  to  200°  for 
four  days  of  seven  hours  each,  gave,  besides  2  grams  of  a 
neutral  oil  and  much  formic  and  acetic  acids,  only  2  grams  of  a 
solid  acid,  melting  from  165°  to  172°,  which  could  not  be  iden- 
tified as  mesitylenic  acid.  Two  grams  of  normal  butyric  acid, 
boiling  from  160°  to  175°,  were  also  obtained. 

The  following  experiment  proves  that  butyric  acid  is  formed 
by  simply  heating  the  mixture  of  the  acetate  and  ethylate,  i.  e., 
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without  passing  carbon  monoxide  over  it  :  Two  hundred  and 
ninety  grams  of  sodium  ethylate  and  sodium  acetate  (equal 
molecules  mixed  intimately  in  a  mortar)  were  heated  for  five 
days,  of  seven  hours  each,  to  200°  to  210°.  No  neutral  prod- 
ucts were  found  and  4  grams  of  butyric  acid,  boiling  from 
160°  to  164°,  were  obtained.  A  portion  of  this  was  converted 
into  the  calcium  salt  and  analyzed. 

0.3727  gram  salt  gave  0.2376  gram  CaSO^. 

Calculated  for 
CaC8Hi404.  "*  Found. 

Ca  18.68  18.75 

Besides  this,  2  grams  of  acid  boiling  from  165°  to  195°  were 
obtained,  which  probably  contains  some  diethylacetic  acid. 
No  solid  acid  was  obtained  in  this  experiment. 

It  is  likely  that  much  more  decisive  results  would  have  been 
obtained  by  adding  i  molecule  of  sodium  acetate  to  an  alco- 
holic solution  of  sodium  ethylate.  Subsequent  removal  of  the 
alcohol  in  an  atmosphere  of  hydrogen,  at  200°  to  210°,  etc., 
must  result  in  a  partial  or  even  complete  interaction  between 
the  two  ingredients.  The  following  experiment  makes  this 
exceedingly  probable :  On  mixing  alcoholic  solutions  of 
sodium  ethylate  and  potassium  acetate,  a  very  voluminous 
precipitate  separates  out  at  once  in  the  cold.     This  is  proba- 

yONa 

bly  the  ortho  addition-product,^  CH, — C — OK      ,  correspond- 


^OC,H, 


.OR 


ingtoClaisen'sorthobenzoic  acid  derivatives,'' C5H5 — C — OR'  . 

^ONa 
The  Dissociation  of  Soaium  Methylate. 

One  hundred  grams  of  alcohol-free  sodium  methylate,  pre- 
pared in  the  usual  way,  were  heated  in  a  distilling-flask  in  a 
bath,  the  temperature  of  which  ranged  from  260°  to  400°  dur- 
ing the  course  of  the  experiment.  The  distilling-flask  was 
connected  with  a  short  condenser,  an  empty  Bunsen  wash- 

>  This  product  is  now  being  investigated  in  the  laboratory.  J.  U.  Nef. 

«  Ber.  d.  chem.  Ges.,  ao,  649. 
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bottle  with  two  tubes  containing  bromine  and  a  gasometer. 
No  define  bromides  were  obtained.  Fifteen  liters  of  gas, 
proved  by  analysis  to  consist  of  90  per  cent  hydrogen  and  10 
per  cent  marsh-gas,  were  obtained.  The  strongly-charred 
residue  left  in  the  distilling-flask  was  found  to  give  off 
acetylene  with  water,  as  proved  by  its  conversion  into  the  sil- 
ver and  copper  salt.  Three  liters  of  gas  were  thus  obtained, 
which  was  found  by  analysis  to  consist  of  30  per  cent  hydro- 
gen and  70  per  cent  acetylene. 

The  residue  left  in  the  distilling-flask  after  treatment  with 
water  consisted  of  free  carbon  and  sodium  carbonates.  The 
proportion  was  found  to  be  12  grams  of  combined  carbon  to 
8.5  grams  of  free  carbon. 

The  formation  of  acetj^lene  in  small  quantities,  on  treating 
the  salt  residue  with  water,  proves  that  sodium  acetylene, 
CjNa^,  is  one  of  the  decomposition-products  of  sodium 
methylate  by  heat.  This  can  readily  be  understood  in  view 
of  the  experiments  of  Nef.^  Formaldehyde  (or  its  addition- 
product  H2C(0Na)jj),  which  is  formed  by  the  interaction  of ^ 
the  dissociation-products  of  sodium  methylate,  i.  e.,  of 
methylene  with  sodium  hydroxide, 

CH,n:  +  2H— ONa  =  CH,(ONa),  +  2H, 
gives,  by  dissociation,  atomic  carbon, 

CH,0  or  CH,(ONa),  =  C  and  H,0  or  2NaOH. 
The  atomic  carbon  acts  in  part  on  the  sodium  hydroxide  pres- 
ent to  give  free  sodium,  but  in  great  part  polymerizes  to 
graphite  and  amorphous  carbon.  In  this  operation  diatomic 
carbon,'  C=:C,  is  naturally  first  formed  which  unites  in  part 
with  the  sodium  set  free  to  give  disodium  acetylene, 

1  Cf.  Ann.  Chem.  (Liebig),  apS,  303  :  318,  189  and  197.  The  marked  physiological 
properties  of  aqueous  formaldehyde  solutions  is  due  to  the  presence  of  atomic  car- 

bon  particles  formed  by  dissociation,   HjCCOH),  ^ HoO  +  >C  ^^  2H2O  +  C,  at 

"^  oh/    "^ 

has  been  pointed  out  by  Nef  in  his  lectures  on  organic  chemistry  for  some  years 
past. 

2  The  formation  of  calcium  carbide  and  of  acetylene  in  the  electric  furnace  or 
arc,  respectively,  is  due  to  a  partial  dissociation  of  the  graphite  or  amorphous  car- 
bon. Cat,  into  diatomic  carbon,  C;^  *~^  — (C  :C),  which  then  unites  at  once  with  the 
calcium  or  hydrogen  atoms  present  to  form  calcium  carbide  or  acetylene,  reipec- 
tively.  J.  U.  Nef. 
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C,  +  Na,  =  C,Na,. 
In  conclusion,  I  desire  to  thank  Dr.  Nef  for  the  assistance 
and  encouragement  he  has  given  me  in  the  course  of  my  work. 
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Notes  on   Metallurgicai,    Analysis.     Arranged   for    Students    of 
Metallurgical   Chemistry.     Selected   Methods   for   the   Analysis  of 
Iron  and  Steel,  and  of  the  Materials  used  in  Their  Manufacture,  In- 
cluding the  Analysis  of  Gases,  Fuels,  Water  for  Boiler  Supply,  etc., 
together  with  Explanatory  Notes  on  the  Manipulation  and  Chemis- 
try of  the  Various  Processes.     By  Nathaniel  Wright  Lord,  E.M., 
Professor  of  Metallurgy  and  Mineralogy  at  the  Ohio  State  Univer- 
sity, and  Consulting  Chemist  of  the  Ohio  Geological  Survey.     Second 
edition,   rewritten,   and  greatly  enlarged.     Columbus,    Ohio,    1903, 
Metallurgical  Laboratory,  Ohio  State  University. 
The  promise  on  the  long  title-page  is  fulfilled  in  the  text. 
The  student,  who  has  worked  through  the  analytical  methods 
given,  should  be  well  qualified  for  practical  work.     Professor 
lyord  explains  and  criticizes  all  of  the  familiar  standard  meth- 
ods as  well   as  many  of  the   newer  methods,  and  gives  abun- 
dant  literature   references.     He    assumes   in   the    student  a 
knowledge  of  inorganic  chemistry  and  qualitative   analysis 
and  some  knowledge  of  quantitative  analysis,  and  in  the  222 
pages  of  text  no  space  is  wasted  on  descriptions  of  reagents 
and  common  apparatus,  as  is  so  common  in  books  on  metal- 
lurgical chemistry.     Professor  Lord's  work  is  so  good  that  it 
should  find  frequent  use.  E.  R. 

Analytical  Chemistry.  By  F.  P.  Treadwkll,  Ph.D.,  Professor  of 
Analytical  Chemistry  in  the  Polytechnic  Institute  of  Zurich.  Trans- 
lated with  the  author's  permission  from  the  second  German  edition 
by  William  T.  Hall,  S.B.,  Instructor  in  Chemistry,  Massachusetts 
Institute  of  Technology.  Volume  I.  Qualitative  Analysis.  First 
edition,  first  thousand.  New  York :  John  Wiley  &  Sons.  1903.  pp. 
463.     Price,  I3.00. 

Professor  Treadwell  is  widely  known  as  a  good  chemist, 
teacher,  and  lecturer.  This  book  is,  as  he  says  in  the  preface, 
"  a  somewhat  amplified  repetition"  of  his  lectures  on  analy- 
tical chemistry.  It  is  well  written,  interesting,  well  transla- 
ted by  Mr.  Hall,  and  its  appearance  is  creditable  to  the  pub- 
lishers. Of  modern  innovations,  the  author  utilizes  the  law  of 
mass  action,  the  theory  of  electrolytic  dissociation  and  hy- 
drolysis, explaining  their  relations  to  analysis,  and  making 
special  reference  throughout  the  book  in  those  places  where 
these  laws  serve  to  made  dark  places  clear. 

The  book  will  be  a  pleasant  addition  to  a  chemical  library, 
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and  will  doubtless  be  helpful  and  suggestive  to  students,  but 
it  is  not  necessary  for  them,  for  lectures  in  qualitative  analysis 
involve  much  repetition  and  review  of  general  chemistry,  and 
only  the  most  important  analytical  methods  can  be  mentioned 
in  such  a  course  of  lectures.  So  this  book  contains  little 
which  is  not  to  be  found  in  the  larger  text-books  of  chemis- 
try, supplemented  by  the  average  laboratory  manual,  but  it  is 
too  large,  handsome,  and  costly  to  use  in  the  laboratory, 
while  the  analytical  methods  given  are  too  few  for  it  to  be 
used  as  a  reference  book.  Nor  can  it  supplant  a  text-book, 
for  there  is  no  mention  of  argon  or  helium,  for  example,  the 
author  very  properly  confining  himself  to  those  elements  and 
compounds  which  occur  in  the  ordinary  scheme  of  instruction 
in  qualitative  analysis.  E.  R. 

ANI.EITUNG  ZUR  UnTERSUCHUNG  DER  FtJR  DIE  ZUCKERINDUSTRIE  IN 
BETRACHT  KOMMENDEN  ROHMATERIAI.IEN,  Produkte,  Nebenpro- 
DUKTE,  UND  HiLFSSUBSTANZEN.  Sechste  umgearbeitete  und  ver- 
mehrte  Auflage.  Herausgegeben  von  Prof.  Dr.  R.  Fruhi<ing.  Braun- 
schweig :  Friedrich  Vieweg  und  Sohn. 

This  work  of  Dr.  R.  Friihling,  of  Braunschweig,  has  now 
reached  its  sixth  edition.  The  book  contains  505  pages,  and 
treats  in  general  of  the  chemistry  of  materials  entering  into 
the  manufacture  of  beet  sugar. 

The  first  part  is  devoted  to  descriptions  of  the  apparatus 
used  in  the  optical  and  chemical  analysis  of  sugar  juice, 
sugars,  molasses,  sugar  beets,  limestones,  water,  and  the 
other  substances  necessary  to  the  manufacture  of  sugar  from 
the  sugar  beet.  The  methods  of  analysis  of  these  bodies  are 
also  given  in  sufficient  detail.  The  rules  for  the  analysis  of 
sugar,  adopted  by  the  International  Committee  for  the  Unifi- 
cation of  Sugar  Analysis,  which  met  in  Paris  in  1900,  are  also 
given. 

This  is  the  first  edition  of  the  work  which  discusses  in  full 
the  necessity  of  polarizing  sugar  solutions  at  a  standard  tem- 
perature, or  of  correcting  the  polarizations  if  the  temperatures 
differ  from  the  standard.  Both  the  method  of  Wiley  and 
Schonrock  are  given,  but  the  author  fails  to  distinguish  the 
different  principles  on  which  the  correction  factors  of  the  two 
methods  are  ascertained.  In  the  method  of  Wiley  it  is  di- 
rected that  the  solutions  be  made  up  and  polarized  at  the 
same  temperature,  while  in  the  method  of  Schonrock  it  is  di- 
rected that  they  be  made  up  at  the  standard  temperature  and 
the  correction  is  for  a  polarization  at  a  different  temperature. 

The  latest  and  best  forms  of  polariscopic  apparatus  are  de- 
scribed. The  method  of  determining  sugars  in  mixtures  is 
given  and  elaborate  tables  for  use  in  the  chemical  determina- 
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tion  of  sugars  by  the  reduction  of  alkaline  copper  solutions 
are  furnished.  The  various  methods  of  ascertaining  the  rich- 
ness of  sugar  beets  designed  for  seed  production  are  de- 
scribed. 

An  interesting  feature  of  the  work  is  the  space  it  devotes  to 
the  residues  of  sugar  manufactories,  especially  the  disposal  of 
the  molasses.  The  increasing  importance  of  molasses  as  a 
cattle  food  is  recognized  by  a  description  of  the  methods  of 
analyses  of  foods  into  which  molasses  enters.  The  growing 
importance  of  the  sugar  industry  in  the  United  States  de- 
mands that  works  of  .this  kind  be  placed  at  the  disposal  of 
chemists  and  engineers  in  order  that  the  processes  of  manu- 
facture may  be  conducted  according  to  the  most  improved 
methods  and  with  the  greatest  economy. 

Dr.  Friihling  has  devoted  the  greater  part  of  his  active  life 
to  the  study  of  these  problems,  and  this,  the  latest  and  larg- 
est edition  of  his  work,  will  commend  itself  to  all  who  are  in- 
terested in  the  sugar  industry.  h.  w.  W. 

An  Introduction  to  the  Study  of  the  Compounds  of  Carbon  or 
Organic  Chemistry.  By  Ira  Remsen,  President  of  the  Johns 
Hopkins  University.  Fourth  revision.  Boston  :  D.  C.  Heath  &  Co. 
1903. 

"  The  important  advances  that  have  been  made  in  the  field 
of  organic  chemistry  during  the  past  few  years  have  made  a 
thorough  revision  of  this  book  necessary.  The  present  edi- 
tion gives  the  results  of  the  revision.  The  principal  changes 
and  additions  will  be  found  in  the  chapters  dealing  with  the 
sugars,  stereoisomerism,  the  diazo  compounds,  and  the  ter- 
penes.  The  treatment  of  the  aromatic  compounds  is,  in 
general,  fuller  than  in  the  older  editions.  Although  consid- 
erable has  been  added,  the  size  of  the  volume  has  not  been 
markedly  increased,  the  difierence  between  the  last  edition 
and  the  present  being  only  about  50  pages.  In  addition  to 
the  changes  indicated  above,  minor  changes  have  been  made 
throughout,  and  the  author  believes  that  the  book  is  now 
fully  in  harmony  with  the  present  state  of  organic  chemis- 
try."— [Preface  to  the  Fourth  Revision.] 
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FURTHER  INVESTIGATIONS   ON   THE   TWO  ISO- 
MERIC   CHI.ORIDES    OF    ORTHOSULPHO- 
BENZOIC  ACID. 

By  Ira  Remsen. 

Since  the  last  communications  on  this  subject^  work  has 
been  continued  somewhat  interruptedly,  as  other  matters  have 
claimed  attention.  That  two  isomeric  chlorides  of  ortho- 
sulphobenzoic  acid  exist  has  been  shown  beyond  any  possi- 
bility of  doubt.  The  relations  between  these  chlorides  have 
perhaps  not  yet  been  made  entirely  clear,  but  the  study  of  the 
reactions  of  the  two  with  a  number  of  substances  has  brought 
to  light  many  facts  of  interest  that  must  be  taken  into  ac- 
count in  dealing  with  the  problem  of  isomerism  presented  by 
the  chlorides.  I^ist  and  Steiu^  have  shown  that  the  substance 
described  by  Saunders*  and  myself,  and  later  by  McKee,*  and 
myself  and   believed   to  be  the  pure  unsymmetrical  chloride, 

/CCl 


SO, 


CeHX       ;>o, 


—  z 
with  the  melting-point  21°  to  22°,  is  in  reality   "  a  mixture" 

1  This  Journal,  i8,  791,  794,  809,  819. 
'  Ber.  d.  chem.  Ges.,  31,  1648. 

2  This  Journal,  17,  352. 
*Ibid.,  18,  794. 
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of  the  chloride  melting  at  79°  and  another  melting  at  40°. 
This  "mixture"  has  a  constant  melting-point  that  is  not 
changed  by  repeated  crystallizations.  It  crystallizes  in  definite 
form  and  presents  the  characteristics  of  a  definite  chemical 
compound.  List  and  Stein  also  observed  that  the  melting- 
point  is  not  changed  "  durch  wiederholtes  Krystallisiren." 
The  low-melting  chloride  used  in  the  work  treated  of  in  the 
following  articles  was  prepared  by  the  method  of  List  and 
Stein. 

The  work  has  been  extended  to  a  nitro  derivative  of 
orthosulphobenzoic  acid  that  happens  to  be  comparatively 
easily  obtainable.  The  corresponding  isomeric  chlorides  con- 
taining the  nitro  group  have  been  prepared  and  their  reactions 
Studied/  and  the  chlorides  of  parabromorthosulphobenzoic 
acid  have  been  prepared  and  investigated.  The  results  of 
this  work  will  soon  be  communicated.  The  main  point  of  in- 
terest connected  with  all  this  work  is  the  peculiar  character 
of  the  relation  between  the  isomeric  chlorides.  Each  one  of 
any  given  pair  of  isomers  is  a  definite  substance  with  well-de- 
fined properties.  One  cannot  be  transformed  into  the  other 
by  any  means  thus  far  employed.  If  one  is  dissolved  in  any 
solvent  that  does  not  act  chemically  upon  it,  that  one  comes 
out  of  the  solution  again,  and  it  retains  its  identity  after  re- 
peated crystallizations.  Nor  can  one  be  transformed  into  the 
other  by  heat.  So  far  as  the  substances  themselves  are  con- 
cerned, there  is  no  reason  for  calling  one  the  stable  and  the 
other  the  unstable  variety.  In  their  relations  towards  other 
substances,  on  the  other  hand,  a  marked  difference  is  ob- 
served. The  chloride  of  higher  melting-point  enters  into  re- 
action much  less  readily  than  that  of  lower  melting-point. 
Hence,  List  and  Stein^  propose  to  call  the  former  the  stable 
and  the  latter  the  unstable  chloride.  As  I  have  previously 
pointed  out,  it  seems  highly  probable  that  one  of  the  chlorides 

/COCl  /CCl,v 

contains  the  group  {  and  the  other  the  group  <^  ^O; 

\so,ci  \so,  / 

and,  accordingly,  I  have  called  the  one  containing  the  former 

1  Remsen  and  Gray  :  This  Journal,  19,  496 ;  HoUis  :  Ibid.,  33,  233. 
«  Lak.  eit. 
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group  the  symmetrical,  and  the  one  containing  the  latter 
group  the  unsymmeirical  chloride.  I  have  also  shown  that 
the  reactions  of  the  chloride  of  orthosulphobenzoic  acid  that 
melts  at  79°  make  it  probable  that  this  is  the  symmetrical 
variety,  and  the  weight  of  evidence  is  also  in  favor  of  the  con- 
clusion that  the  chloride  with  the  lower  melting-point  is  the 
unsymmetrical  variety.  It  must  be  confessed  that  the  case  is 
a  difficult  one  to  deal  with,  for  the  reason  that,  with  some  re- 
agents, both  chlorides  give  the  same  products,  and  these  some- 
times have  the  symmetrical  and  sometimes  the  unsymmetrical 
structure.  If  this  were  true  of  all  reagents,  the  task  would 
plainly  be  a  hopeless  one.  lyist  and  Stein^  hold  that  the  facts 
do  not  justify  any  conclusion  in  regard  to  the  structure  of  the 
chlorides.  I  still  think  that  my  former  conclusions  are  justi- 
fied. The  reactions  upon  which  I  have  relied  are  those  with 
ammonia  and  those  with  aniline  and  similar  bases.  I/ist  and 
Stein  agree  with  me  in  regard  to  the  action  of  ammonia.  It 
is  established  that  the  chloride  melting  at  79°  reacts  with  am- 
monia in  such  a  way  as  to  form  quantitively  the  ammonium 
salt  of  benzoic  sulphinide, 

\so/ 

On  the  other  hand,  the  chloride  with  the  lower  melting-point, 
treated  with  the  same  reagent,  yields  principally  the  ammo- 
nium salt  of  orthocyanbenzenesulphonic  acid, 

/CN 

\SO,ONH, 

together  with  a  greater  or  smaller  quantity  of  the  ammonium 
salt  of  benzoic  sulphinide.  The  quantity  of  the  latter  product 
depends  upon  the  temperature.  The  lower  the  temperature 
the  smaller  the  quantity.  Under  some  conditions  the  ammo- 
nium salt  of  ^-cyanbenzenesulphonic  acid  is  the  sole  product, 
not  even  a  trace  of  the  sulphinide  being  formed. 

The  above  facts,  taken  by  themselves,  lead  clearly  to  the 
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conclusion  that  the  chloride  melting  at  79°  has  the  symmetri- 
cal structure,  and  that  the  other  chloride  has  the  unsyrametri- 
cal  structure.  Accordingly,  the  reactions  should  be  repre- 
sented by  these  equations  : 

/COCl  /CO  y 

I.  an/  +  4NH,  =  C,HX  >N.NH,  +  2NH,C1 ; 

\so,ci  ^so/ 

Symmetrical  chloride.  Ammonium  salt  of  benzoic 

sulphinide. 

CCl  /CN 

II.  CeH,<^       '\0-l-4NH,  =  C,H,<(  +  2NH,C1. 

\S0,  /  \SO,ONH, 

Unsymmetrical  chloride.  Ammonium  salt  of  orthocyan- 

benzenesulphonic  acid. 

The  action  of  ammonia  on  the  two  chlorides  has  been 
further  investigated  in  this  laboratory  by  Mr.  R.  M.  Bird. 
In  general,  the  earlier  results  have  been  confirmed.  The  un- 
symmetrical, or  high-melting,  chloride  gives  only  the  sulphin- 
ide.  The  pure,  unsymmetrical,  or  low- melting  chloride  gives 
mainly  the  ammonium  salt  of  ^-cyanbenzenesulphonic  acid 
with  more  or  less  of  the  ammonium  salt  of  benzoic  sulphinide, 
depending  upon  the  conditions  of  the  experiments.  When 
very  dilute  ( i  :  20)  aqueous  ammonia  was  used  the  reaction 
took  place  very  slowly  and  only  a  trace  of  the  sulphinide  was 
obtained.  This  was  detected  by  the  taste  and  could  not  be 
isolated.  With  stronger  ammonia  (1:3)  the  amount  of  sul- 
phinide obtained  formed  from  4  to  20  per  cent  of  the  total 
product.  About  the  same  results  were  obtained  when  the 
most  concentrated  ammonia  was  used.  On  the  other  hand, 
when  the  chloride  was  dissolved  in  anhydrous  ether  or  chloro- 
form, and  dry  ammonia  gas  passed  into  the  solution,  only  the 
ammonium  salt  of  ^-cyanbenzenesulphonic  acid  was  obtained. 
The  product  did  not  have  a  sweet  taste,  a  fact  that  shows 
conclusively  that  not  even  a  trace  of  the  sulphinide  was 
formed. 

The  further  study  of  the  action  of  alcohols  upon  the  two 
chlorides  which  has  been  carried  out  by  Mr.  R.  M.  Bird  has 
confirmed  the  results  previously  obtained  and  has  brought  to 
light  some  facts  not  heretofore  established.     The  principal 
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facts  to  be  noted  in  this  connection  are  these,  that  the  high- 
melting  chloride  yields  acid  esters  with  alcohols, 

/COCl  /COOR 

C.h/  +  2ROH      =^      C,h/  +  HCl  +  RCl, 

\S0,C1  \SO,OH 

while  the  low-melting  chloride  yields,  first,  ester  chlorides, 
and  these  in  turn  give  the  acid  esters  : 

/CCU  /COOR 

I.  C,H/  >0  4-  ROH     =     CeH/  +  HCl ; 

\S0/  \S0,C1 

/COOR  /COOR 

II.  C«H  /  -f  ROH     =     C«HX  -f  RCl. 


\so,ci 


'^SO.Cl  "    '^SO,OH 

It  appears,  however,  that  when  the  high-melting  chloride, 
in  solution  in  anhydrous  ether,  is  treated  with  a  solution  of 
sodium  ethylate  in  ethyl  alcohol  the  ester  chloride  is  formed, 

COCl  /COOC.Hs 

4-  NaOC.H^   r=:    CjH/  +  NaCl, 

\S0,C1 

though  this  reaction  requires  further  study. 

In  regard  to  the  reactions  with  aniline,  lyist  and  Stein  state 
that  they  worked  exactly  as  we  did,  but  obtained  different  re- 
sults. 

In  an  earlier  article  by  Kohler  and  myself^  it  is  stated  that 
(i)  "  the  product  of  the  action  of  aniline  upon  the  dry,  high- 
melting  chloride  is  symmetrical  orthosulphobenzanil,  which 
has  the  structure  represented  by  the  formula 

/CO. 
C,h/        >NC.H,;" 

(2)  that  "  the  product  of  the  action  of  aniline  upon  the  solid 
chloride  in  an  emulsion  with  water  is  symmetrical  orthosul- 
phobenzanilide,  which  has  the  structure 

/CONHC.Hj 
^SO.NHCjHj 

1  This  Journal,  17,  330. 
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and  (3)  that  "  the  product  of  the  action  of  aniline  upon  the 
liquid  (low-melting)  chloride  of  orthosulphobenzoic  acid  is 
the  infusible  anilide." 

Later,  McKee^  repeated  the  experiments  of  Kohler  and 
found  that  the  high-melting  chloride  gives  only  the  anilide  of 

XONHC.Hj 
the  structure  Q.^/  ,  and  none  of  the  infusible 

\S0,NHC,H, 
anilide.     He  found,  however,  that  the  low-melting  chloride 
used  b}'-  him  (melting  at  21°  to  22°)  gives  both  anilides. 

Evidence  has  previously  been  presented  that  goes  to  show 
that  the  anilide  obtained  from  the  high-melting  chloride  is  the 
symmetrical  one  represented  by  the  formula 

/CONHC5H5 

c.h/ 

\S0,NHC,H5 

As  the  other  anilide  was  not  obtained  from  this  chloride,  it 
was  concluded  that  the  high- melting  chloride  has  the  sym- 
metrical structure  as  indicated  by  the  reaction  with  ammonia. 
The  fact  that  two  anilides,  or,  at  least,  two  substances  of 
the  same  composition  as  the  anilide  are  formed  from  the  low- 
melting  (liquid)  chloride,  appears  to  be  analogous  to  the  fact 
that  two  isomeric  products  are  formed  when  ammonia  and 
water  act  upon  this  same  chloride. 

On  treating  a  mixture  of  the  two  chlorides  with  aniline 
some  of  the  anil  was  always  formed. 

The  main  fact  that  appeared  to  be  established  by  these 
earlier  investigations  is  the  formation  of  the  symmetrical 
anilide  alone  from  the  high-melting  chloride.  List  and  Stein 
state  that  each  of  the  chlorides  gives  all  three  of  the  products 
above  referred  to,  that  is  to  say,  the  symmetrical  anilide,  the 
unsymmetrical  anilide,  and  the  anil.  If  this  be  true,  my  for- 
mer argument  based  on  the  action  of  the  chlorides  towards 
aniline  is  of  no  value. 

Though  feeling  certain  that  there  was  no  error  in  my  work, 
I  have  repeated  it  with  the  aid  of  Mr.  W.  B.  Holmes,  and 
have  found  that  when  the  high-melting  chloride  is  treated 

1  This  Journal,  i8,  804. 
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witti  aniline  in  the  presence  of  water  no  trace  of  the  unsym- 
metrical  anilide  is  formed,  the  products  being  the  symmetrical 
anilide  and  the  anil.  On  the  other  hand,  when  the  low-melt- 
ing chloride  is  treated  in  the  same  way,  the  products  are  the 
two  anilides  and  no  anil. 

If,  however,  either  of  the  chlorides  is  dissolved  in  ether  and 
then  treated  with  aniline,  all  three  of  the  products  already  re- 
ferred to  are  formed  as  claimed  by  List  and  Stein.  The 
method  employed  by  us  consists  in  adding  the  aniline  to  an 
emulsion  of  the  chloride  in  a  relatively  large  amount  of  cold 
water.  Reaction  then  takes  place  without  perceptible  evolu- 
tion of  heat. 

Mr.  F.  E.  Clark  has  studied  the  action  of  methylamine, 
dimethylamine,  and  ethylamine  upon  the  two  chlorides,  and 
has  shown  that  methylamine  and  ethylamine  give  the  corre- 
sponding esters  of  benzoic  sulphinide  when  they  act  upon  the 
symmetrical  chloride,  and  that  with  the  unsymmetrical  chlo- 
ride they  give  mainly  unsymmetrical,  substituted  diamides, 
together  with  small  quantities  of  the  esters  of  benzoic  sul- 
phinide : 

/COCl  /C6k 

CgH/  -fH,N.R     r=     C,h/         >N.R-f2HCl; 

\so,ci  ^so/ 

.ecu  /C(H.N.R),. 

CeH/  >0  +  2H,N.R  =  C,h/  >0  +  2HCI ; 

^SO/  \       SO,       / 

/CCU  /CO. 

CeH/  >0  -}-  H,N.R     =     C,HX         >N.R  -j-  2HCI. 

\so,/  ^so/ 

He  has  shown,  further,  that  with  dimethylamine  the  high- 
melting  chloride  gives  a  symmetrical  product,  or  at  least  that 
only  one  product  is  formed,  and  this  has  presumably  the 
symmetrical  structure.  The  low-melting  chloride,  on  the 
other  hand,  does  not  give  a  definite  product  when  treated  with 
dimethylamine. 

lyist  and  Stein, ^  in  studying  the  action  of  phenol  upon  the 
two  chlorides,  deny  the  correctness  of  the  statements  of  Rem- 

1  Loc.  cit. 


C.H.<^ 


254  Remsen. 

sen  and  McKee^  to  the  effect  that  when  the  symmetrical  chlo- 
ride is  treated  with  phenol  the  diphenyl  ester, 

/COOCeH, 

^so,oc,h/ 

and  the  phenyl  ester  chloride, 

^SO.Cl 

are  formed.  The  existence  of  the  latter  in  the  product  was 
not  shown  by  isolating  it,  but  by  treating  the  mass  with  am- 
monia, when  the  chloride  was  converted  into  the  phenyl  ester 
of  <?-sulphaminebenzoic  acid, 

/COOQH, 

\SO,NH, 
List  and  Stein  were  unable,  for  some  reason,  to  obtain  this 
compound  and  they  make  the  following  sweeping  statement  in 
regard  to  it :  "  Hingegen,  haben  wir  uns  trotz  der  sorgfaltig- 
sten  Versuche  vergeblich  bemiiht,  den  von  Remsen  dargestellten 
c7-Sulfaminbenzoesaureester  zu  fassen.  Nach  unseren  Ver- 
suchen  scheint  der  Ester  iiberhaupt  nicht  existenzfahig  zu 
sein." 

The  work  of  Remsen  and  McKee  has  been  repeated  by  Mr. 
R.  E.  Humphreys  and  the  results  confirmed.  It  is  true  that 
the  sulphone  chloride, 

^COOCeH, 

^SO.Cl 

does  not  react  with  ammonia  directly,  but  when  a  mixture  of 
the  symmetrical  chloride  and  phenol  is  treated  with  ammonia 
the  phenyl  ester  of  (7-sulphaminebenzoic  acid  is  easily  formed 
and  is  identical  with  the  substance  described  under  this  name 
by  Remsen  and  McKee.  The  low-melting  chloride  gives  the 
same  products  with  phenol  as  the  high-melting  chloride. 

Mr.  K.  G.  Falk  has  repeated  the  work  of  List  and  Stein  on 
the  reduction  of  the  two  chlorides  and  has  obtained  the  same 

1  This  Journal,  18,  794- 
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results.  It  is  undoubtedly  true  that  the  high- melting,  or  sym- 
metrical, chloride  gives  sulphobenzid, 

/CHjv 
CeH/         >0, 

when  reduced,  while  the  low-melting,  or  unsymmetrical, 
chloride  gives  thiosalicylic  acid, 

/COOH 

The  reactions  that  must  be  taken  into  consideration  in  specu- 
lating upon  the  structure  of  the  two  chlorides  are  those  with 
water,  alcohols,  phenols,  ammonia,  the  substituted  ammonias, 
and  nascent  hydrogen. 

I.  Water  gives  but  one  product,  orthosulphobenzoic  acid, 
whether  the  high-melting  or  the  low-melting  chloride  is  used. 
This  is  quite  in  accordance  with  what  we  should  expect.     A 

xCOCl 
compound  of  the  formula  C6H^<[^  would,  of  course,  give  . 

\S0,C1 
.COOH 
one  of  the  formula  CgH^<(^  .     A  compound  of  the  un- 

^SO.OH 
,CC1,. 
symmetrical  structure,  CgHX  /O,  would  first  give  a  prod- 

^SO/ 
/C(OH),. 
uct  of  the  structure  CjH^<'  '>0.     This  is  probably  an 

^    SO,    / 
unstable  form  which  would  lose  water  and  yield  the  anhy- 
dride as  an  intermediate  product.     But  this  would  at  once 
take  up  water  and  form  the  acid.     The  changes  involved  are 
indicated  below  : 


'CCl,s^  /C(OH),.  /CO 

,COOH 


CeH,^       'No  -  CeH,^  ^)>0   ^   C,H,<(       \0  ^ 

\so/  \   SO,   /  \so/ 


\SO,OH 
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The  action  of  water,  therefore,  throws  no  light  upon  the  prob- 
lem of  the  structure  of  the  two  chlorides. 

2.  The  action  of  ammonia  upon  the  two  chlorides  is  of  es- 
pecial interest.  Under  proper  conditions,  the  high-melting 
chloride  gives  only  the  ammonium  salt  of  the  sulphinide,  and 
the  low-melting  chloride  gives  only  the  ammonium  salt  of 
<?-cyanbenzenesulphonic  acid  : 

\so,ci  \so/ 

^SO/  \SO,O.NH, 

These  reactions  are  unequivocal  and,  if  taken  by  themselves, 
show  clearly  that  the  high-melting  chloride  has  the  symmetri- 
cal, and  that  the  low-melting  chloride  has  the  unsymmetrical, 
structure. 

3.  The  reactions  with  aniline  are  not  quite  as  clear  as  those 
with  ammonia,  but  in  general  terms  they  confirm  the  conclu- 
sion to  which  those  with  ammonia  point.  An  emulsion  of 
aniline  in  cold  water  gives,  with  the  high-melting  chloride, 
the  symmetrical  anilide  and  the  anil,  while,  under  the  same 
circumstances,  the  low-melting  chloride  gives  the  unsym- 
metrical anilide  and  the  symmetrical  anilide  : 

/COCl  /CONHCeHs 

C.h/  ^        C«h/  ; 

\S0,C1  \S0,NHC,H5 

/COCl  /CO  V 

C,h/  i^        C,h/        >NC,H,; 

>S0,C1  ^so/ 

/CCU  /C(NH.C,H,),. 

/CCU  /CONHC.H, 

\S0/  \SO,NHC,H, 

In  the  case  of  the  unsymmetrical  chloride,  the  proportion  of 
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the  unsymmetrical  anilide  formed  is  considerably  larger  than 
that  of  the  symmetrical  anilide. 

These  facts  are  in  accordance  with  the  view  that  the  high- 
melting  chloride  has  the  symmetrical  structure,  and  the  low- 
melting  chloride  the  unsymmetrical  structure.  The  forma- 
tion of  the  symmetrical  anilide,  together  with  the  unsym- 
metrical anilide,  from  the  low-melting  chloride,  is  a  symptom 
of  a  general  tendency  possessed  by  this  chloride  to  yield,  to 
some  extent,  symmetrical  products, 

4.  The  action  of  methyl-  and  ethylamines  and  of  dimethyl- 
amine  is  of  the  same  general  kind  as  that  of  aniline,  though 
with  some  differences,  as  has  been  pointed  out.  The  high- 
melting  chloride  gives  esters  of  benzoic  sulphinide  with 
methyl-  and  ethylamines  : 

c«h/  -^       c.h/      )>N.R. 

The  low-melting  chloride  gives  a  diamide  which  is  proba- 
bly analogous  to  the  infusible  unsymmetrical  dianilide  : 

\so/  \     so.    / 

This  reaction  furnishes  no  evidence  for  or  against  the  formu- 
las of  the  two  chlorides,  as  it  has  not  been  proved  that  the 
product  above  represented  by  the  formula 

c.h/  )>0, 

\     so,    / 

really  has  the  unsymmetrical  structure.  To  be  sure,  it  is 
infusible  like  the  unsymmetrical  dianilide,  but  that  is  not 
strong  evidence  of  its  structure. 

5.  With  alcohols  the  high-melting  chloride  does  not  react 
easily  in  the  cold.  When  the  solution  is  boiled  or  allowed 
to  stand  for  some  time  the  product  is  the  acid  ester  : 

/COCl  /COOR 

C.h/  •-        C«H/ 

\S0,C1  \SO,OH 
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By  treating  an  alcoholic  solution  of  the  high-melting  chloride 
with  an  alcoholic  solution  of  sodium  ethylate  an  ester  chlo- 
ride is  formed  : 

/COCl  /COOC.H^ 

\so,ci  \so,ci 

The  same  reaction  takes  place  with  sodium  methylate. 

On  the  other  hand,  the  low-melting  chloride  reacts  very 
readily  with  alcohols  and  gives  the  ester  chlorides  which,  by 
further  action  of  the  alcohols,  give  the  acid  esters  : 

/CCU  /COOR 

CeH,/  >0        ^        C,h/  ; 

\so/  \so,ci 

/COOR  /COOR 

^SO.Cl  \SO,OH 

Both  chlorides  then  give  the  same  products  with  alcohols  and 
these  products  have  the  symmetrical  structure.  To  be  sure, 
the  symmetrical  chloride  with  an  alcohol  alone  does  not  give 
the  intermediate  ester  chloride,  but  gives  the  acid  ester. 
This  appears  to  be  due  to  the  fact  that  this  chloride  reacts 
with  difl&culty  with  the  alcohols.  It  is  necessary  to  boil  the 
solution  and  then,  of  course,  the  product  is  the  acid  ester,  for, 
if  the  ester  chloride  were  first  formed,  it  would,  under  the  con- 
ditions of  the  experiment,  be  converted  into  the  acid  ester. 
When,  however,  the  reaction  is  aided  by  the  addition  of 
sodium  alcoholate,  the  ester  chloride  is  first  formed. 

The  fact  that  ester  chlorides  are  easily  obtained  from  the 
low-melting  chloride  by  treating  them  with  alcohols,  when 
taken  by  itself ,  suggests  that  this  chloride  has  the  symmetrical 
structure.  But  the  fact  cannot  be  taken  by  itself.  The  low- 
melting  chloride  has  certainly  not  the  same  structure  as  the 
high-melting  chloride  and  the  evidence  in  favor  of  the  sym- 
metrical structure  for  the  latter  seems  to  me  to  be  conclusive. 
It  is  clear,  however,  that  the  low-melting  chloride  with 
some  reagents  gives  symmetrical  products,  though  it  generally 
gives  unsymmetrical  products. 
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The  formation  of  ester  chlorides  from  a  substance  of  the 
unsymmetrical  structure  is,  further,  easily  accounted  for  with- 
out assuming  any  mysterious  "  molecular  rearrangement." 
The  first  action  of  the  alcohol  is  probably  that  represented  by 
the  equation 

CeH/         >0  +  2C,H,0H  =  C,H  /  >0  +  2HCI. 

The  anhydride  would  then  take  up  hydrochloric  acid  : 

'OC,H, 


C(OC,H,),  C<^ 

,<^  \0  +  HCl  ^  C,H,<^       O^ 

SO,  S0,C1 


and  the  product  thus  formed  would  lose  alcohol  and  give  the 
ester  chloride 


OC,H, 
C 


/OC,H, 
<  COOC.H, 


C,H,^       ^^        =     C«H,<^  +  C,H,OH. 

SO.Cl  SO.Cl 

6.  With  ordinary  phenol  the  reactions  are  somewhat 
different  from  those  with  the  alcohols.  It  gives 
the   same   products   with   both    chlorides.      These   are    the 

/COOC.H, 
phenyl  ester  chloride,  CgHX  ,  and  the  diphenyl  es- 

\S0,C1 
.COOC,H, 
ter,  CeH^<^  .     Plainly  no  light  is  thrown  upon  the 

\SO,OCeH, 
structure  of  the  two  chlorides  by  these  reactions.     Curiously 
enough,  with  resorcinol  both  chlorides  give  the  same  unsym- 
metrical product,  sulphonfluorescein  : 


26o  Rents  en. 

C.H3 OH      • 

I        ^^ 
C— CgHj— OH 

CeH,<(      )>0 

SO, 

These  reactions  also  do  not  help  to  determine  the  structural 
relations  of  the  two  chlorides. 

7.  With  benzene  and  aluminium  chloride  both  chlorides 
give  the  same  symmetrical  product, 

/COQH, 
CeH/ 

^SO,C,H, 

but  under  some  conditions  the  low-melting  chloride  gives  a 
little  of  another  product,  probably  the  isomeric,  unsymmetri- 
cal  compound, 

C(CeH,), 

CeH,<(       \0    , 

SO, 
though  this  is  by  no  means  certain. 

8.  The  reduction  of  the  two  chlorides  seems  at  first  sight  to 
show  that  the  high-melting  chloride  is  unsymmetrical  and  the 
low-melting  chloride  symmetrical.     The   high-melting  chlo- 

yCH^v 

ride  gives  sulphobenzid,  CgH/  yO,  and  the  low-melting 

\so,/ 

.COOH 
chloride  gives  thiosalicylic  acid,  C5H^<^  .    If  these  were 

\SH 
the  only  facts  to  guide  us,  we  should  probably  conclude  that  the 

/CH,. 
chloride  that  yields  sulphobenzid,  CgH/  >0,   by  reduc- 

.ecu 

tion  must  have  the  symmetrical  structure.  C.HX  /O,  and 

^SO,  / 
we  could  easily  reconcile  ourselves  to  the  belief  that  the  chlo- 
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XOOH 

ride  that  yields  thiosalicylic  acid,  Q,^/  ,    must    have 


SH 
/COCl 
the  symmetrical  structure,  CgH^^  ,  though  this  connec- 

\so,ci 

tion  does  not  appear  as  clear  as  that  between  sulphobenzid 
and  the  unsymmetrical  chloride. 

It  seems  to  me,  however,  that  all  the  other  reactions  are 
more  easily  explained  by  assuming  that  the  high-melting 
chloride  is  symmetrical  and  the  low-melting  chloride  unsym- 
metrical. The  question  then  naturally  suggests  itself :  Can 
the  reactions  of  the  two  chlorides  with  reducing  agents  be  ex- 
plained in  any  other  plausible  way  than  that  adopted  by  List 
and  Stein  and  outlined  above  ?  I  think  they  can,  and,  in- 
deed, I  think  the  other  explanation  is,  to  say  the  least,  fully 
as  rational  as  that  given  by  List  and  Stein.     Take  first  a 

xCOCl 
compound  of  the  symmetrical  structure,  CgH^^  .      It  is 

\S0,C1 
well  known  that  the  group  COCl  is  more  easily  reduced  than, 
the  group  SO^Cl.      We  should,  therefore,    expect   that  the 
symmetrical  chloride  would  first  yield  an  aldehyde  and  then 
an  alcohol,  thus : 

/COCl  /COH  /CH,OH 

C,h/  ^     CeH,/  —     CeH/ 

\so,ci  \so,ci  ^SO.Cl 

The  alcohol  would,  however,  easily  lose  hydrochloric  acid  and 
give  the  corresponding  anhydride,  sulphobenzid, 

c,h/       )>0. 

According  to  this  the  formation  of  sulphobenzid  from  the  sym- 
metrical chloride  is  not  only  possible  but  at  least  as  probable 
as  its  formation  from  a  chloride  of  the  unsymmetrical  struc- 
ture. 

Turning  now  to  the  reduction  of  the  unsymmetrical,  or  low- 
melting,  chloride.     The  product  is  thiosalicylic  acid.     How 


262  Remsen. 

can  the  formation  of  this  substance  be  explained  on  the  as- 
sumption that  the  chloride  lias  the  unsymmetrical  structure  ? 
The  low-melting  chloride  reacts  very  easily  with  water  as  with 
most  other  reagents.  It  seems  probable  that  before  the  re- 
duction could  be  effected  the  chloride  would  be  converted  partly 
into  the  anhydride  and  partly  into  the  acid.  The  reduction  of 
these  would  then,  in  turn,  be  likely  to  give  thiosalicylic  acid.  An 
attempt  was  made  to  test  this  view  experimentally,  and  ap- 
parently small  quantities  of  thiosalicylic  acid  were  obtained 
when  the  anhydride  and  the  acid  were  reduced.  The  results 
were,  however,  not  very  satisfactory.  Not  much,  if  any, 
weight  can  be  attached  to  these  experiments.  But,  leaving 
them  entirely  out  of  consideration,  it  seems  to  me  that  it  is  as 
easy  to  explain  the  formation  of  thiosalicylic  acid  from  a  chlo- 

/CCl,. 
ride  of  the  formula  CjHX  >0,  as  from  one  of  the  formula 

/COCl 

^SO.Cl 

The  details  of  the  experimental  work  are  given  in  the  fol- 
lowing articles. 

I.    THE   ACTION   OF   AMMONIA  AND  OF   ALCOHOLS   AND  ALCO- 

HOLATES  UPON  THE  CHLORIDES  OF  ORTHOSULPHO- 

BENZOIC  ACID.^ 

By  R.  M.  Bird. 

The  action  of  aqueous  ammonia  of  various  dilutions  and  at 
various  temperatures  upon  the  low-melting  chloride  was  first 
studied,  and  also  the  action  of  the  dry  gas  upon  solutions  of 
the  chloride  in  anhydrous  ether  and  chloroform,  as  well  as 
upon  the  dry  chloride. 

Very  Dilute  Aqueous  Ammonia. — The  solution  was  made  by 
adding  20  volumes  of  water  to  i  volume  of  a  solution  thor- 
oughly saturated  with  ammonia  at  the  temperature  of  hydrant 
water,  about  18°  C.     The  unsymmetrical  chloride,  either  in 

1  From  the  author's  dissertation  submitted,  June,  1901,  to  the  Board  of  University 
Studies  of  the  Johns  Hopkins  University  in  conformity  with  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 
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solution  in  ether  or  dry,  was  treated  with  this  ammonia  at  0° 
and  at  the  ordinary  temperature.  Two  experiments  were 
conducted  at  the  former  and  four  at  the  latter  temperature. 
In  all  cases  it  required  four  or  five  days  to  complete  the  reac- 
tion, regardless  of  the  amounts  of  chloride  used,  provided,  of 
course,  proportional  quantities  of  ammonia  were  added.  The 
products  were,  in  all  cases,  ammonium  orthocyanbenzenesul- 
phonate,  a  trace  of  the  ammonium  salt  of  benzoic  sulphinide 
and  ammonium  chloride.  The  cyanbenzenesulphonate  was 
practically  the  only  organic  product  of  the  reaction,  for 
the  amount  of  sulphinide  was  too  small  to  be  detected  except 
by  a  slightly  sweet  taste  of  the  solution.  In  no  case  could  a 
precipitate  be  obtained  on  acidifying  with  hydrochloric  acid, 
even  though  the  acidified  solution  was  allowed  to  stand  for 
days.  It  was  allowed  to  stand  because  it  requires  time  for  a 
complete  precipitation  of  benzoic  sulphinide  from  the  solutions 
of  its  salts ;  and  it  was  found,  further,  that  adding  concentra- 
ted hydrochloric  acid  to  the  extent  of  one-third  the  volume  of 
the  solution  gave  the  quickest  and  most  complete  precipita- 
tion of  benzoic  sulphinide  when  this  was  formed,  as  in  the 
experiments  with  stronger  ammonia.  The  effect  of  the  low 
temperature  was  only  to  retard  the  reaction  and  this  was  not 
marked.     The  following  equation  expresses  the  reaction  : 

/CN 
C,H,S03C1,  +  4NH3  =  C,H  /  +  2NH,C1. 

Action  of  Strong  Ammonia  {i :  j). — In  carrying  out  the  ex- 
periments with  ammonia  of  this  strength  ( i  volume  saturated 
to  3  volumes  water)  at  0°,  both  the  ethereal  solution  of  the 
chloride  and  the  ammonia  solution  were  cooled  to  the  temper- 
ature of  melting  ice  and  the  ammonia  added  slowly,  with  con- 
stant stirring,  to  the  chloride  immersed  in  an  ice-bath,  where 
it  remained  until  all  the  chloride  was  dissolved  in  the  ammo- 
niacal  solution.  In  other  experiments  sometimes  ethereal 
solutions  and  sometimes  the  dry  chloride  were  used,  and  the 
temperature  rose  considerably  during  the  reaction.  The 
principal  product  was  the  same  with  this  dilution  of  ammonia 
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as  in  all  other  cases,  but  here  a  considerable  amount  of  the 
chloride  was  changed  to  the  ammonium  salt  of  benzoic  sul- 
phinide.  The  following  table  gives  the  amounts  of  benzoic 
sulphinide  formed  in  several  experiments  : 


Amount  of  chlo- 

Amount of  sul- 

Per cent  of  chloride 

Temperature. 

ride  taken. 

phinide  obtained. 

changed  to  sulphinide. 

Grams. 

Gram. 

0° 

0.7492 

0.1169 

20.3 

o» 

0.5998 

0.0842 

18.2 

0° 

2.III2 

0.1377 

8.5 

1-3978 

0.0519 

4.1 

1.4362 

0.0514 

4.6 

2.4384 

0.2649 

I4.I 

.. 

I. 9301 (dry) 

O.219I 

14.8 

The  method  used  to  precipitate  the  sulphinide  is  not  strictly 
quantitative,  but  an  effort  was  made  to  keep  the  conditions 
the  same  and  thus  make  the  results  comparable.  The  fil- 
trates did  not  taste  sweet.  I  am  unable  to  give  any  reason  for 
the  great  variations. 

Action  of  Concentrated  Ammonia. — In  a  number  of  experi- 
ments the  ordinary  concentrated  and  saturated  solutions  of 
ammonia  were  used,  and  the  products  were  the  same  as  with 
the  I  :  3  solution.  The  reaction  was  very  vigorous,  and 
with  the  saturated  solution  it  was  explosive.  In  only  one  ex- 
periment was  an  effort  made  to  influence  the  temperature  of 
the  reaction  and  in  this  the  chloride  and  ammonia  solutions 
were  heated  quickly  in  a  water-bath  at  80°  C.  The  benzoic 
sulphinide  obtained  from  three  experiments  was  weighed  and 
the  yield  was  as  follows  : 


mount  of  chlo- 
ride taken. 
Grams. 

Amount  of  sul- 
phinide obtained. 
Gram. 

Per  cent  of  chloride 
changed  to  sulphinide. 

i.2799(dry) 
i.o873(eth.  sol.) 
0.5825 

0.1564 
0.1388 
0.0737 

15.9 
16.6 

16.4 

This  agrees  fairly  well  with  several  results  of  the  action  of 
I  :  3  ammonia. 

Action  of  Water-free  Ammonia. — The  ammonia  was  passed 
through  two  drying  cylinders  filled  with  soda-lime  and  al- 
lowed to  act  upon  the  unsymmetrical  chloride — either  dry  or 
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in  solution  in  anhydrous  ether  or  chloroform.  When  the 
chloride  was  dry  it  had  to  be  broken  up  with  a  rod  as  fast  as 
acted  upon,  because  of  a  hard  coating  which  protected  the 
enclosed  chloride.  The  heat  of  reaction  was  marked  in  all 
cases.  In  one  experiment  with  0.5  gram  dissolved  in  about 
40  cc.  of  ether  the  temperature  at  the  beginning  of  the  reac- 
tion was  20° ;  during  the  first  half  minute  of  the  rapid  passing 
of  the  gas  it  fell  to  19°,  and  as  soon  as  the  products,  which  are 
insoluble  in  ether,  began  to  form,  the  temperature  rose 
rapidly  to  28° — during  a  minute  or  two — and  then  fell  to  14° 
at  the  end  of  thirty  minutes.  The  room  temperature  was 
about  20°.  In  all  the  experiments  with  the  unsymmetrical 
chloride,  a  very  small  quantity  resisted  the  action  of  am- 
monia, and  it  was  to  insure  the  conversion  of  this  that  the  gas 
was  passed  for  so  long  a  time.  Experiments  were  carried  out 
with  dilute  ethereal  solutions  cooled  to  0°  in  an  ice-bath,  the 
solution  being  rapidly  stirred  while  a  slow  current  of  gas  was 
conducted  into  it,  with  the  temperature  held  at  18°, 5 — that  of 
a  hydrant  water-bath — and  also  upon  the  dry  chloride  and 
upon  concentrated  and  dilute  ethereal  solutions,  with  no  at- 
tempt to  regulate  the  temperature.  In  no  case  could  we  ob- 
tain any  product  but  ammonium  cyanbenzenesulphonate.  It 
did  not  even  taste  of  benzoic  sulphinide.  As  a  check  upon 
our  test  for  other  substances  than  the  cyan  salt,  the  amount  of 
that  substance  was  determined,  as  near  as  is  possible  with  a 
substance  so  hard  to  separate  from  its  by-products.  The 
method  used  by  I^ist  and  Stein'  was  found  to  be  the  most  sat- 
isfactory. 

2.5519  grams  of  the  chloride  were  dissolved  in  anhydrous 
ether  and  dry  ammonia  gas  passed  through  the  solu- 
tion until  the  reaction  was  certainly  complete.  The  ether 
was  allowed  to  evaporate  spontaneously,  and  a  water  solution 
of  the  residue  was  heated  to  60°  and  treated  with  freshly  pre- 
cipitated silver  oxide  until  there  was  no  further  precipitation 
of  silver  chloride.  The  filtered  solution  was  then  treated  with 
freshly  prepared  ammonium  sulphide  until  no  more  silver  sul- 
phide came  down,  and  the  resulting  solution  was  evaporated 

I  Ber.  d.  chem.  Ges.,  31,  1649. 
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to  dryness  on  a  water-bath,  dried  by  standing  over  sulphuric 
acid,  and  weighed.  The  weight  was  somewhat  more  than  that 
called  for  by  a  quantitative  conversion  of  the  chloride  into 
ammonium  c?-cyanbenzenesulphonate.  This,  together  with 
the  failure  to  find  any  other  product,  was  considered  conclu- 
sive evidence  that  the  whole  reaction  is  to  be  expressed  by  the 
equation 

/CN 
C^H^SOjCl,  +  4NH3  =  CeH/  +  2NH,C1. 

^SOjNH, 

Experiments  with  Benzoic  Sulphinide. — To  see  how  far  the 
conditions  of  the  experiments  with  the  unsymmetrical  chlo- 
ride affected  the  salt  of  benzoic  sulphinide  that  might  be 
formed  in  the  reaction,  pure  benzoic  sulphinide  was  subjected 
to  the  same  treatment,  with  these  results  : 


Sulphinide  taken. 

Sulphinide  recovered. 

Loss. 

Grams. 

Grams. 

Per  cent. 

1.8564 

1.8064 

2.7 

1. 9481 

1.9067 

2.1 

The  results  of  a  third  experiment  may  as  well  be  recorded, 
although  the  conditions  tending  to  hydrolysis  were  in  no  wise 
comparable  to  those  under  which  ammonia  acted  upon  the 
chloride  :  1.3375  grams  of  pure  benzoic  sulphinide  were  dis- 
solved in  boiling  hot  water  and  one-third  of  its  volume  of  con- 
centrated hydrochloric  acid  immediately  added.  After  stand- 
ing several  hours  the  precipitate  was  filtered,  dried,  and 
weighed.     It  showed  a  loss  of  8.4  per  cent. 

Action  of  Ammonia  on  the  Symmetrical  Chloride — The  action 
of  dry  and  aqueous  ammonia  upon  the  symmetrical  chloride 
was  also  studied  where  experiments  parallel  to  those  with  the 
unsymmetrical  seemed  desirable,  and  the  results  were  in  en- 
tire accordance  with  those  of  work  previously  done  in  this 
laboratory.  The  speed  of  reaction  as  compared  with  that  of 
the  unsymmetrical  was  very  slow.  The  results  of  the  only 
experiments  in  which  the  amount  of  benzoic  sulphinide  pre- 
cipitated by  hydrochloric  acid  was  determined  are  as  follows  : 
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Amount  of  Per  cent  of 
Strength  of                      Amount  of                        sulphinide  chloride 

ammonia.  chloride  taken.  obtained.  changed. 

Gram.  Gram. 

I  :  3  o.3535(dry)  0.2551  93.7 

Saturated  o.86i3(ether)       0.5679  85.6 

Dry  0.7439      "  0.5027  87.8 

The  amount  of  sulphinide,  which  cannot  be  recovered  by 
this  method,  represented,  of  course,  a  large  percentage  of  the 
small  quantity  of  chloride  used  in  the  above  experiments,  and 
hence  the  variation  from  the  theoretical  does  not  necessarily 
signify  that  anything  else  was  formed.  It  is  not  unlikely  that 
the  same  cause  of  variation  operated  here  as  in  the  case  of 
the  unsymmetrical  chloride  and  i  :  3  ammonia.  It  was  impossi- 
ble to  detect  any  other  substance  than  the  ammonium  salt  of 
benzoic  sulphinide  and  ammonium  chloride  in  the  product. 

Ammonium  o-Cyanbenzenesulphojiaie  and  Ammonium  o-Carb- 
aminebenzenesulphonate, — For  the  sake  of  completeness  the 
properties  of  ammonium  ^-cyanbenzenesulphonate  are  given 
here,  although  it  has  been  fully  described  by  those  who  have 
obtained  it  previously.  It  crystallizes  from  alcoholic  solu- . 
tions  in  white  botryoidal  masses  of  needles.  The  second  form 
of  crystals,  rosettes  of  transparent  needles,  described  by  Kars- 
lake,  was  not  obtained.^  It  is  very  soluble  in  water  and  hot 
alcohol,  moderately  soluble  in  cold  alcohol,  and  insoluble  in 
dry  ether.  I  found  it  easier  to  hydrolyze  it  to  (7-sulphoben- 
zoic  acid  than  my  interpretation  of  most  remarks  on  this  sub- 
ject led  me  to  think.  The  hydrolysis  was  effected  by  boiling 
for  ten  hours  a  solution  acidified  with  hydrochloric  acid.  In 
how  short  a  time  this  transformation  can  be  effected  was  not 
determined.     The  passage  from  the  substance  of  the  formula 

to  one  of  the  formula  Q^^/  was  re- 

^SOjNH,  \SO,NH, 

peatedly  accomplished  by  simply  evaporating  to  dryness  on  a 
water-bath  the  solutions  from  which  benzoic  sulphinide  had 
been  precipitated  by  hydrochloric  acid.  Water  alone  does  not 
hydrolyze  it. 

The    ammonium     carbaminebenzenesulphonate,    obtained 

1  This  Journal,  i8,  820. 
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from  the  cyan  salt,  crystallized  out  in  two  forms,  white  needles 
and  large,  thick  crystals  (the  long  axis  of  one  was  nearly  a 
centimeter  in  length),  behaving  exactly  like  the  ammonium 
cyanbenzenesulphonate  described  by  Karslake,  and  like  his 
substance  also,  the  thick  crystals  rfecrystallized  as  needles/ 
In  every  instance  in  which  the  melting-point  of  the  carbamine 
salt  was  taken  the  first  crystals  melted  gradually  from  250°  to 
260°,  and  when  recrystallized  they  melted  at  256°  to  257°.' 

Much  diflBculty  was  experienced  in  getting  ammonium 
^-cyanbenzenesulphonate  free  from  the  last  traces  of  ammo- 
nium chloride,  yet  it  was  accomplished  by  repeatedly  recrys- 
tallizing  it  from  absolute  alcohol.  But  the  potassium  salt  can 
be  obtained  without  difficulty.  It  is  only  necessary  to  add  a 
saturated  solution  of  potassium  carbonate  to  a  solution  con- 
taining the  products  formed  by  the  action  of  ammonia 
on  the  chloride  even  if  it  is  moderately  dilute,  when  a 
fine,  white,  crystalline  powder  is  precipitated.  The  potas- 
sium salt  crystallizes  easily  from  a  water  solution  in  beauti- 
ful, thick,  square-ended,  transparent  needles,  radiating,  from 
centers.  This  was  also  found  to  be  a  ready  method  of  follow- 
ing the  process  of  hydrolysis,  as  the  potassium  salt  of  ortho- 
carbaminesulphonic  acid  only  crystallizes  from  very  concentra- 
ted water  solutions  and  is  not  precipitated  by  potassium  car- 
bonate, while,  as  has  been  said,  the  potassium  cyan  salt  can 
be  obtained  from  quite  dilute  solutions  by  rubbing  the  sides 
of  the  beaker. 

Action  of  Alcohols  and  Alcoholaies. 

Earlier  work  of  Remsen  and  Dohme,'  Karslake,*  and  lyist 

1  This  Journal,  i8,  821. 

*  Karslake  gave  219°  to  220°  as  the  melting-point  of  the  substance  he  obtained  on 
heating  an  acidified  solution  of  the  cyan  salt  (Hid.,  18,  S25).  Fahlberg  and  Barge  de- 
scribed a  salt  which  they  proved  to  be  ammonium  orthocyanbenzenesulphonate  as 
thin,  transparent  needles,  melting  at  255°  to  256°  (Ber.  d.  chem.  Ges.,  32,  759).  F.  D, 
Wilson  described  it  as  large  plates  melting  at  262°  to  263°  (Dissertation,  J.  H.  U.,  1899, 
p.  26).  M.  D.  Sohon  described  it  as  needles  melting  at  256°  to  257*  (This  Journal,  ao, 
269).  Karslake's  substance  did  not  lose  weight  when  heated,  but  all  the  others  de- 
scribed it  as  losing  water  of  crystallization  when  heated  to  125'  C.  The  salt  which  I 
obtained  agreed  with  the  latter. 

'  Thi»  Journal,  11,  341. 

*  Ibid.,  18,  825. 
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and  Stein^  has  shown  that  the  two  chlorides  react  with  alco- 
hol first  to  form  ester  chlorides  which  by  further  action  of  the 
alcohols  pass  over  into  the  corresponding  ester  acids  : 

I.  C«H,<(  >0  +  C,H,OH    :::=     C,h/  +  HCl  ; 

\S0/  ^SO.Cl 

II.  C.H  /  -f  2C,H,0H     = 

^SO.Cl 

/COOC.H, 
C,h/  +(C,H,),0+HC1. 

\SO,OH 

The  ester  chloride  is  easily  formed  from  the  unsymmetrical 
chloride  ;  less  easily  from  the  symmetrical  chloride.  When, 
however,  the  symmetrical  chloride  is  dissolved  in  anhydrous 
ether  and  a  slightly  warm  emulsion  of  sodium  ethylate  (2 
mols.  ethylate  to  i  mol.  chloride)  in  absolute  alcohol  added 
to  the  solution,  reaction  takes  place  smoothly  until  about  one- 
half  of  the  alcoholate  has  been  added,  when  it  stops  and 
cannot  easily  be  carried  farther.  An  oil  was  obtained  from  the 
solution  that  had  the  general  properties  of  the  ester  chloride, 

CgH^<^  ,  though  the   evidence   that  it  is  this  sub- 

^SO.Cl 
stance  is  not  conclusive. 

yCO,C,H, 
Sodium  Orthosulphonate  of  Ethyl Benzoate,  CgHX  • — 

^SO.ONa 
This  was  obtained  by  dissolving  the  symmetrical  chloride  in 
ethyl  alcohol  and  treating  it  with  an  alcoholic  emulsion  of 
sodium  ethylate  and  allowing  it  to  stand  for  two  or  three 
hours.  The  solution  became  slightly  warm.  After  heating 
the  purified  salt  to  constant  weight  it  was  analyzed  : 

Calculated  for 

/COaCsHs  ^        ^ 

C,H4<  Found. 

^SOjNa 

Na  9.12  9.38 

Ber.  d.  chem.  Ges.,  31,  1659. 
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The  same  compound  was  obtained  by  treating  dry  sodium 
ethylate  with  an  excess  of  the  ^-sulphone  chloride  of  ethyl 
benzoate  made  from  the  unsymmetrical  chloride,  and  extract- 
ing the  product  with  ethyl  alcohol.  After  drying  to  constant 
weight  the  salt  gave  : 

Calculated  for 
.CO2C2H5 
CeHiC  Found. 

^SOaNa 

Na  9.12  9.20 

It  crystallizes  in   beautiful,  transparent,  colorless  leaves  and 
elongated  hexagons  with  beveled  edges. 

/CO.CH, 
Stiver  Orthosulphonate  of  Methyl  Benzoate,  C^/ 

\5 


^SO,Ag 


On  analysis  this  salt  gave  the  following  figures  : 


Calculated  for 
/CO0CH3 

CsHZ 

\sO3Ag 


Ag  33.41  33.76  33.10 

Barium  Orthosulpho7iate  of  Methyl  Benzoate, 


I         /C0,CH3\ 

I  CgH/  I  Ba.— Analysis 

V  ^S0,0      /, 


gave : 


After  heating  to  constant 
Air-dried  crystals.  weight. 

Calculated  for  Calculated  for 

/  /COaCHsX  /  /COjCHsX 

I  CbHZ  )  Ba+HaO.   Found.  {  CsHZ  )  Ba.  Found. 

\  \SO2O      /j  V  ^SOsO      /a 

Ba  23.46  23.63  24.20  24.40 


Sodium  Orthosulphonate  of  Methyl  Benzoate,  CgH^' 


CO.CH, 


^SOjNa 

— Dry  unsymmetrical  chloride  was  added  gradually  to  a  satu- 
rated methyl  alcoholic  solution  of  sodium  methylate  and  the 
gelatinous  product  filtered  with  suction  through  a  platinum 
cone.  It  was  evaporated  by  a  current  of  dry  air  and  recrys- 
tallized  from  methyl  alcohol  and  from  water  several  times. 
At  first  it  crystallized  in  long,  transparent,  colorless  needles, 
but  on  standing  a  few  hours  they  changed  completely  to  cubes 
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and  irregular  crystals,  looking  as  if  the  needles  had  been 
broken  up.  No  other  product  was  discovered.  It  was 
analyzed  for  sodium,  carbon,  hydrogen,  and  water  of  crystal- 
lization. 


Calculated  for 

C«H 

[4<                   +  2.H2O. 

Na 

8.40 

C  (mean) 

35.00 

H       " 

4.00 

H,0 

13.10 

ate,  and  from  the  chloride  C6H^<;  ,  formed  from  the 


8.47 

35-03 

3-8o 

12.73 

/CO,C,H, 
It  is  thus  seen  that  the  acid  of  the  formula  CgH/ 

^SO.OH 
was  obtained  from  the  symmetrical  chloride  and  sodium  ethyl- 

^CO,C,H, 

^SO.Cl 
unsymmetrical  chloride.     The  corresponding  methyl  ester  of 

/CO.CH, 
the  formula  CgH^C^  was  obtained  from  both  chlorides 

\SO,OH 
and  boiling  methyl  alcohol,  and  from  the  unsymmetrical  chlo- 
ride and  sodium  methylate. 

Neutral  Sodium  Salt  of  o-Stdphobenzoic  Acid,  CeH^<^ 

\SO3Na 
The  dry  crystals  of  the  c-sulphone  chloride  of  methyl  benzoate 
were  treated  with  a  saturated  methyl  alcoholic  solution  of 
sodium  methylate  in  small  excess.  The  reaction  was  so  vigorous 
that  the  alcohol  boiled.  The  solution  was  filtered,  extracted 
with  ether  and  methyl  alcohol,  and  the  residue  dissolved  in 
water.  Out  of  this  came  beautiful  rosettes  of  transparent, color- 
less needles,  which,  when  analyzed  for  sodium,  gave : 

Calculated  for 

yCOsNa 
C8H4f  .  Pound. 

^SO.Na 

Na  18.80  19.22 

Unidentified  Products, 
{a)  Small  quantities  of  dry  unsymmetrical  chloride  and  dry 
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sodium  ethylate  (in  the  proportion  of  i  molecule  of  the  former 
to  2  of  the  latter)  were  mixed  and  ground  fine  in  a  mortar, 
the  intention  being  to  dissolve  the  mixture  and  eliminate  as 
far  as  possible  any  action  due  to  an  excess  of  one  or  the  other. 
Something  called  me  off  for  perhaps  ten  minutes,  and  when  I 
again  touched  the  mixture  with  the  pestle  an  explosion  took 
place  which  resembled  that  of  powder  in  an  open  vessel. 
Dense,  white  fumes  with  a  peculiar  and  suffocating  odor  were 
given  off,  and  a  dry,  light-brown  mass  remained,  resembling 
crushed  lava.  The  mortar  was  made  hot  through  and  through. 
The  material  was  extracted  with  anhydrous  ether  and  nothing 
obtained.  Extraction  with  anhydrous  alcohol  yielded  a  lit- 
tle oil.  Very  concentrated  ammonia  was  added  to  this  oil 
and  the  excess  of  ammonia  boiled  off,  but  the  solution  did  not 
become  sweet.  It  was  boiled  with  water,  and  on  adding  sil- 
ver nitrate  a  white  precipitate  was  formed,  but  this  dissolved 
on  boiling  and  did  not  coagulate,  hence  it  was  not  silver  chlo- 
ride. There  was  not  enough  for  further  study.  After  ex- 
tracting with  alcohol,  the  residue  dissolved  in  water,  forming 
a  neutral,  amber-colored  solution  which,  when  evaporated  in 
a  desiccator,  yielded  dirty-looking  crystals,  which  were  ap- 
parently nothing  but  impure  sodium  chloride. 

(^)  A  saturated  solution  of  sodium  methylate  in  methyl 
alcohol  was  added  to  dry,  unsymmetrical  chloride.  The  reac- 
tion was  explosive.  By  immersing  in  hot  water  and  passing 
a  rapid  current  of  dry  air  over  it,  the  solution  was  evaporated 
to  dryness  and  then  extracted  with  dry  ether.  On  evapora- 
ting off  the  ether  an  oil  appeared  which  soon  solidified.  This 
was  dissolved  in  methyl  alcohol  and  evaporated  down.  It 
strongly  resisted  crystallizing,  but  on  putting  it  in  a  freezing- 
mixture  it  came  down  quickly  in  diamond-shaped  crystals, 
which  melted  at  38°  to  39°.  This  was  recrystallized  three 
times  without  change  in  the  melting-point,  and  the  final  prod- 
uct was  well  washed  with  water.  Heating  for  two  hours  at 
50°  to  55°  caused  it  to  lose  i.oi  per  cent  in  weight.  When 
absorbed  in  water  the  distillate  gave  the  reaction  for  methyl 
alcohol.  It  is  insoluble  in  cold  water,  but  readily  soluble  in 
hot  water,  alcohol,  and  ether.     When  boiled  with  water  it 
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showed  no  acid  properties,  but  when  silver  nitrate  was  added 
silver  chloride  was  precipitated.  After  boiling  with  dilute 
aqueous  ammonia  the  solution  had  a  faintly  sweet  taste.  On 
treating  an  ethereal  solution  with  dry  ammonia,  ammonium 
chloride  was  precipitated,  and  from  the  ethereal  solution  some 
crystals  were  obtained,  which  melted  gradually  from  38°  to 
85°,  apparently  in  two  stages.  They  were  slightly  soluble  in 
cold  water,  but  easily  soluble  in  hot  water,  ether,  and  alcohol. 
On  attempting  to  recrystallize  them  the  first  time,  a  small  quan- 
tity did  not  pass  into  solution,  and  this  was  found  to  melt  at 
132°  to  135°.  The  ethereal  solution  of  the  rest  was  again 
treated,  for  thirty  minutes,  with  ammonia  gas,  and  after 
evaporation  an  oil  remained  and  a  few  crystals  like  those 
above.  The  oil  solidified  in  a  freezing- mixture  but  again 
melted  at  the  room  temperature,  I  was  unable  to  get  a  pure 
product  out  of  the  little  that  I  had  to  work  with. 

II.    ACTION  OP  ANIIvINEJ  UPON  THE  CHLORIDES  OF  ORTHOSUI,- 
PHOBENZOIC  ACID. 

By  W.  B.  Holmes. 

« 

The  action  of  aniline  on  these  chlorides  has  been  the  sub- 
ject of  numerous  investigations  in  this  laboratory.  Three 
products  have  been  isolated,  a  symmetrical  anilide,  an  unsym- 
metrical  anilide,  and  an  anil.  These  have  been  clearly  shown 
to  have  the  following  formulas  : 

/COHNC.Hj  C^CHNCjH,)^ 

C.H/  C,H  /     >0 

\SO,HNC«H,  \g^^ 

Symmetrical  anilide.  Unsymmetrical  anilide. 

.CO. 

c,h/      >nc.h. 

Anil. 

It  was  found  that  when  aniline  was  added  to  an  emulsion  of 
the  symmetrical  chloride  in  a  large  amount  of  cold  water  and 
the  reaction  allowed  to  proceed  slowly,  only  the  symmetrical 
anilide  and  the  anil  were  formed.     With  the  unsymmetrical 
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chloride,  under  similar  conditions,  only  the  two  anilides  were 
obtained,  but  a  much  larger  percentage  of  the  unsymmetrical 
anilide.  These  facts  form  one  of  the  chief  arguments  for  the 
assignment  of  the  symmetrical  and  unsymmetrical  formulas  to 
the  chlorides  melting  at  79°  and  40°,  respectively. 

List  and  Stein^  have  recently  tried  the  action  of  aniline  on 
these  chlorides.  They  brought  the  chloride  and  aniline  to- 
gether in  a  cold  ethereal  solution  and  obtained  from  each 
chloride  all  three  products.  They  therefore  claimed  that  the 
action  of  aniline  on  the  chlorides  affords  no  good  grounds  for 
assigning  the  symmetrical  or  unsymmetrical  structure  to 
either  chloride.  In  view  of  their  criticism  a  careful  study  of 
the  action  of  aniline  on  each  chloride  was  made  under  different 
conditions. 

The  relative  amounts  of  the  products  formed  depends 
largely  upon  the  method  employed  for  bringing  the  aniline 
and  chloride  together.  The  temperature  at  which  the  reac- 
tion takes  place  has  a  large  influence  upon  the  results.  Either 
chloride,  when  heated  with  aniline  alone,  gives  a  mixture  of 
all  three  products,  the  reaction  being  very  violent  in  the  case 
of  the  unsymmetrical  chloride.  "When  the  symmetrical  chloride 
is  dissolved  in  anhydrous  ether  or  chloroform,  and  aniline 
added,  no  reaction  takes  place.  If  this  solution  is  heated  on 
a  water-bath,  reaction  takes  place  only  when  the  ether  or 
chloroform  has  been  driven  off.  This  is  equivalent  to  heating 
the  chloride  and  aniline  together  and  then  all  three  products 
are  obtained.  When  the  unsymmetrical  chloride  is  dissolved 
in  anhydrous  ether  or  chloroform  and  aniline  added,  reaction 
takes  place  at  once  and  all  three  products  are  obtained. 

The  best  method  is  to  add  the  aniline  to  an  emulsion  of  the 
chloride  in  a  large  amount  of  cold  water.  Reaction  takes 
place  slowly  without  the  evolution  of  heat.  With  the  sym- 
metrical chloride  only  the  symmetrical  anilide  and  anil  are 
obtained,  while  with  the  unsymmetrical  chloride  both  anilides 
are  obtained  but  with  a  much  larger  percentage  of  the  un- 
symmetrical anilide.  The  following  results  confirm  the  pre- 
vious work  done  in  this  laboratory. 

1  Ber.  d.  chem.  Ges.,  31,  1648. 
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Action  oj  Aniline  upon  the  Symmetrical  Chloride. — Three 
grams  finely  powdered  chloride  were  placed  in  an  Erlenmeyer 
flask  with  about  150  cc.  of  water.  Aniline,  in  the  proportion 
of  4  molecules  of  aniline  to  i  of  the  chloride  was  then  added 
and  the  contents  of  the  flask  vigorously  shaken.  At  first 
there  was  no  apparent  reaction,  the  chloride  simply  dissolving 
in  the  aniline.  After  the  lapse  of  three  or  four  hours  the 
aniline  solution  gradually  solidified.  The  solid  mass  was 
then  broken  up  and  more  aniline  added.  The  resulting 
viscous  mass  was  allowed  to  stand  for  two  days  with  occa- 
sional shaking.  The  temperature  of  the  water  throughout 
the  experiment  varied  little  from  14°. 

Hydrochloric  acid  was  then  added,  the  contents  of  the  flask 
transferred  to  a  mortar,  and  thoroughly  ground  up  to  remove 
the  excess  of  aniline.  The  filtrate  was  evaporated  and  ex- 
amined for  the  unsymmetrical  anilide.  If  present,  this  sub- 
stance would  appear  in  the  filtrate,  as  it  is  sparingly  soluble 
in  water  and  is  not  decomposed  by  hydrochloric  acid.  No 
trace  of  the  unsymmetrical  anilide  could  be  obtained  from  the 
filtrates  in  a  large  number  of  experiments. 

The  residue  was  then  treated  with  a  dilute  solution  of 
sodium  hydroxide.  The  undissolved  precipitate  consisted 
only  of  the  anil.  When  the  filtrate  was  acidified  with  hydro- 
chloric acid  only  the  symmetrical  anilide  was  precipitated. 
From  this  precipitate  and  filtrate  no  trace  of  the  unsymmetrical 
anilide  could  be  obtained.  The  products  of  the  reaction  were 
only  the  anil  and  the  symmetrical  anilide.  The  chloride  un- 
accounted for  in  the  results  was  hydrolyzed  to  orthosulpho- 
benzoic  acid. 


Total 

Symmetrical 

Chloride  used. 

product. 

Anil. 

anilide. 

Grams. 

Grams. 

Grams. 

Grams. 

I 

3 

3-19 

1.96 

1.23 

2 

3 

3-15 

1.80 

1-35 

3 

3 

3.20 

1.94 

1.26 

4 

3 

324 

1.98 

1.26 

5 

3 

3.36 

2.01 

1-35 
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Chloride  converted 

Chloride  converted 

Chloride  not  ac- 

to anil. 

to  symmetrical  anilide. 

counted  for. 

Grams. 

Gram. 

Gram. 

I 

I.8I 

0.84 

0.30 

2 

1.66 

0.91 

0.43 

3 

1.79 

0.85 

0.36 

4 

1.83 

0.85 

0.32 

5 

1.85 

0.91 

0.24 

Action  of  Aniline  upon  the  Unsymmeirical  Chloride. — The 
same  method  of  procedure  was  employed  in  these  experiments, 
except  that  the  flasks  were  kept  in  ice-water  for  several  hours 
after  the  experiment  had  started.  Reaction  took  place  much 
more  quickly  than  with  the  symmetrical  chloride.  The  ani- 
line solution  became  solid  in  a  very  short  time.  The  solid 
mass  was  then  broken  up  and  more  aniline  added.  The  vis- 
cous mass  was  allowed  to  stand  for  two  days  with  occasional 
shaking.  Hydrochloric  acid  was  then  added,  the  contents 
transferred  to  a  mortar  and  thoroughly  ground  up  to  remove 
the  excess  of  aniline.  From  the  filtrate,  part  of  the  unsym- 
metrical  anilide  was  obtained.  The  precipitate  dissolved 
completely  in  a  dilute  solution  of  sodium  hydroxide,  showing 
that  there  was  no  anil  formed.  Hydrochloric  acid  precipita- 
ted a  mixture  of  the  anilides.  The  precipitate  was  washed 
with  a  large  amount  of  water  to  remove  the  unsymmetrical 
anilide.  When  a  constant  weight  had  been  obtained  the 
product,  when  crystallized  from  alcohol,  gave  only  the  sym- 
metrical anilide.  The  products  of  the  reaction  were  only  the 
symmetrical  and  unsymmetrical  anilides,  but  with  a  much 
larger  percentage  of  the  unsymmetrical  product.  The  chlo- 
ride unaccounted  for  in  the  following  results  was  probably 
hydrolyzed  to  orthosulphobenzoic  acid. 

Total  Symmetrical     Unsymmetrical 

Chloride  used.       product.  anilide.  anilide. 

Grams.  Grams.  Grams.  Grams. 

1  3  3-8i  1.56  2.25 

2  3  370  1-42  2.28 

3  3  3-75  1-45  2.30 

4  3  3-78  1-49  2.29 

5  3  3-86  1.55  2.31 
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Chloride  converted  Chloride  converted  to  un-  Chloride  not  ac- 
to  symmetrical  anilide.  symmetrical  anilide.  counted  for. 

Grams.  Grams.  Gram. 


I 

1 .05 

1-53 

0.42 

2 

0.96 

1-55 

0.49 

3 

0.98 

1.56 

0.46 

4 

1. 01 

1.56 

0.43 

5 

1.05 

1.58 

0.37 

III.    THE  ACTION  OF  ALIPHATIC   AMINES   ON  THE   CHLORIDES 

OF  ORTHOSULPHOBENZOIC  ACID.^ 

By  Friend  E.  Clark. 

The  action  of  ammonia  and  of  aromatic  amines  upon  the 
chlorides  of  orthosulphobenzoic  acid  has  been  studied  in  this 
laboratory,  but  the  action  of  the  aliphatic  amines  has  not  yet 
been  investigated.  In  view  of  the  remarkable  relationship 
between  the  two  chlorides,  the  study  of  their  conduct  under  a 
variety  of  conditions  is  important.  This  investigation  has  to 
deal  with  their  conduct  towards  methylamine,  ethylamine, 
and  dimethylamine. 

The  methyl-  and  dimethylamines  were  obtained  from  the 
corresponding  hydrochlorides  by  treating  their  concentrated 
solutions  with  solid  potassium  hydroxide.  In  most  of  the 
experiments  the  employment  of  the  dry  amines  was  neces- 
sary. The  drying  of  the  gases  was  accomplished  by  passing 
them  through  one  or  more  Peligot  tubes,  filled  with  pul- 
verized sodium  or  potassium  hydroxide.  In  cases  where  the 
anhydrous  gas  was  not  needed,  the  amine  was  passed  directly 
into  a  vessel  containing  the  chloride,  or  into  water  and  after- 
wards used  in  the  form  of  the  aqueous  solution. 

Kthylamine  was  obtained  from  Kahlbaum,  Berlin,  in  an- 
hydrous condition,  sealed  in  stout  glass  vessels.  As  the 
liquid  amine  was  needed  only  in  a  few  experiments,  it  was 
kept  in  the  form  of  a  20  per  cent  aqueous  solution,  from  which 
the  free  base  was  liberated  as  desired  by  adding  solid  potash. 

Action  of  Methylamine  on  the  Symmetrical  Chloride  of  Ortho- 
sulphobenzoic Acid. — Substituted   ammonias   of  the  aromatic 

*  From  the  dissertation  of  the  author,  submitted  June,  1902,  to  the  Board  of  Uni- 
versity Studies  of  the  Johns  Hopkins  University  in  conformity  with  the  requirements 
for  the  degree  of  Doctor  of  Philosophy. 
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series  yield  two  classes  of  compounds  according  to  the  condi- 
tions of  the  reactions.  Aniline,  for  example,  gives  the  diani- 
lide  and  the  anil.  Methylamine  and  the  symmetrical  chlo- 
ride, on  the  other  hand,  form  one  compound  only,  namely,  the 
methyl  ester  of  benzoic  sulphinide,  which  corresponds  to  the 
anil  obtained  with  aniline. 

Dry  methylamine  was  conducted  into  a  solution  of  the 
symmetrical  chloride  in  anhydrous  ether.  Immediately  there 
appeared  a  white  precipitate,  that  in  every  instance  in  which 
the  temperature  of  the  solution  was  kept  below  25°  C.  and  the 
flow  of  amine  properly  regulated,  had  a  crystalline  struc- 
ture. Considerable  diflSculty  was  experienced  in  securing  the 
proper  conditions  for  the  successful  performance  of  the  ex- 
periment. For  example,  even  though  the  temperature  of  the 
solution  of  the  chloride  was  lowered  to  10°  C,  the  tempera- 
ture would  rise  very  rapidly  and  the  product  be  gummy, 
if  the  amine  was  allowed  to  pass  into  it  rapidly.  Methyl- 
amine hydrochloride,  which  was  always  one  of  the  products 
of  the  reaction,  was  almost  wholly  precipitated  from  the  solu- 
tion, carrying  down  varying  amounts  of  the  ester  with  it.  It 
was  expedient  to  allow  the  ether  to  evaporate  at  ordinary 
laboratory  temperatures.  The  mixture,  which,  under  most 
favorable  conditions,  consisted  of  a  white,  flocculent  mass, 
was  transferred  to  a  funnel  and  washed  a  few  times  with  cold 
water  in  order  to  remove  the  methylamine  hydrochloride. 
The  residue  was  crystallized  from  alcohol  and  analyzed,  and 
found  to  be  the  methyl  ester  of  benzoic  sulphinide.  The  re- 
action between  the  amine  and  symmetrical  chloride  can  be 
represented  by  the  equation  : 

/COCl 
CeH/  +3NH,CH,     = 

^SO.Cl 

an/         >N.CH,  +  2NH,CH,.HC1. 

\so/ 

0.2I2I  gram  substance  gave  0.2595  gram  BaSO^. 
0.1 149  gram  substance  gave  0.1394  gram  BaSO^. 
0.0928  gram  substance  gave  0.1131  gram  BaSO^. 
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0.1354  gram  substance  gave  0.0083  gram  N. 
0.1312  gram  substance  gave  0.2326  gram  CO,. 
0.13 1 2  gram  substance  gave  0.0439  gram  H,0. 

Calculated  for  Found. 

/CO\ 
CsHZ        >N.CH3.  I.  II.  III.  IV.  v. 

C  48.68            48.34 

H  3.53            324 

N  7.07            6.13      

S  16.26          16.89     16.65     16.73      

The  sulphur  had  to  be  determined  by  the  method  of  I^iebig, 
Many  attempts  were  made  to  oxidize  the  ester  with  fuming 
nitric  acid,  according  to  the  method  of  Carius,  at  tempera- 
tures as  high  as  350°  C.  Almost  invariably  a  portion  of  the 
substance  would  resist  the  action  of  the  acid.  The  nitrogen 
was  determined  by  the  Kjeldahl  method. 

Methyl  benzoic  sulphinide  is  slightly  soluble  in  hot  water, 
melting  to  a  colorless  oil,  and  practically  insoluble  in  cold 
water.  It  is  quite  soluble  in  ether,  more  sparingly  in  abso- 
lute alcohol.  From  ethyl  alcohol  it  crystallizes  in  fine 
needles  ;  from  a  mixture  of  alcohol  and  water  (about  a  60  per 
cent  solution)  in  large  prisms  terminating  in  pyramidal  faces. 
The  ester  can  be  most  easily  obtained  in  pure  crystalline  con- 
dition by  dissolving  it  in  hot  alcohol  and  adding  warm  water 
until  the  solution  becomes  cloudy,  then  heating  on  a  water- 
bath  until  complete  solution  ensues,  and  allowing  it  to  cool 
slowly.     It  is  not  sweet.     It  melts  at  129°  C. 

Methyl  benzoic  sulphinide  has  been  previously  obtained  by 
Remsen  and  Palmer^  by  heating  the  silver  salt  of  the  sul- 
phinide with  methyl  iodide.  Its  melting-point  is  given  by 
them  as  128°  to  129°. 

Behavior  of  Methyl  Benzoic  Sulphinide  in  the  Presence  of 
Acids  and  Alkalies. — When  boiled  with  the  ester  for  twelve  or 
fourteen  hours,  aqueous  hydrochloric  acid  hydrolyzed  it, 
forming  the  acid  methylamraonium  salt  of  orthosulphohenzoic 
acid,  which  crystallized  in  radiating  needles.  One  deter- 
mination of  sulphur  indicated  a  compound  of  the  formula 

1  This  Journal,  8,  226. 
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/COOH 


C,H,. 


^SOONHjCHj* 

0.2145  gram  substance  gave  0.2152  gram  BaSO^. 

Calculated  for 
/COOH 
CeHi^  Found. 

\sO2ONH3CH3 

S  13-74  13-79 

When  the  acid  methylammonium  salt  is  heated  with  potas- 
sium hydroxide,  neutral  potassium  orthosulphobenzoate  and 
methylamine  are  formed.  The  acid  potassium  salt  of  ortho- 
sulphobenzoic  acid  is  precipitated  on  the  addition  of  hydro- 
chloric acid  to  the  aqueous  solution  of  the  neutral  potassium 
salt. 

The  formation  of  the  acid  methylammonium  salt  of  ortho- 
sulphobenzoic  acid  is  in  every  way  analogous  to  the  action  of 
hydrochloric  acid  on  benzoic  sulphinide  : 

c,h/      >nh  +  2H,o   =    c,h/ 


SO/  ^SOONH, 

CO.  /COOH 

>N.CH3  +  2H,0  =  C«H  / 
so/  ^SO.ONHjCH, 


Just  as  benzoic  sulphinide  is  converted  into  orthosulph- 
aminebenzoic  acid  by  treating  it  with  dilute  potassium  hy- 
droxide, so  the  methyl  ester  is  hydrolyzed  to  orthomethyl- 
sulphaminebenzoic  acid  : 

/CO  \  /COOK 

C.h/  >NH  +  KOH     =     C,H,<  ; 

\S0/  \SO,NH, 

/CO  V  /COOK 

CgH/  >N.CH3  +  2KOH  =  C^H/  -h  H,0. 

\S0/  ^SO.NKCHj 

One  essential  difference  is  to  be  noted,  however.  Aqueous 
alkalies  do  not  effect  the  transformation  in  the  latter  case, 
alcoholic  alkalies  being  necessary,  and  even  then  five  or  six 
hours'  heating  is  required  for  the  complete  hydrolysis.  It  is 
of  interest  to  note  also  that  the  alkali  metals  form  the  di- 
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metallic  salts,  while  the  metals  of  the  alkaline  earths  replace 
only  the  hydrogen  of  the  carboxyl  group. 

Potassium  orthomethylsulphaminebenzoate  crystallizes  from 
alcohol  in  small  plates.  It  is  extremely  soluble  in  water  and 
alcohol,  insoluble  in  petroleum  ether. 

0.1875  gram  substance  gave  0.1121  gram  KjSO^. 

Calculated  for 
/COOK 
CeHiC^  .  Found. 

\sO2NKCH3 

K  26.27  26.35 

Barium  hydroxide  and  the  methyl  ester  give  the  barium 
salt  of  orthoraethylsulphaminebenzoic  acid.  It  is  so  soluble  in 
water  and  alcohol  that  no  crystals  of  it  were  obtained.  From 
a  mixture  of  benzene  and  ligroin  an  amorphous  powder  was 
obtained,  from  which  two  determinations  of  barium  were 
made. 

0.3014  gram  substance  gave  0.1281  gram  BaSO^. 

Calculated  for 
/COO 
CeHZ 

^SOaNHCH 

Ba  24.29  25.01 

Preparation  of  Orthomethylsulphaminebenzoic  Add  from 
Orthotoluenesulphone  Methylamide.  —  Orthotoluenesulphone 
chloride  was  treated  with  a  strong  aqueous  solution  of  methyl- 
amine.  In  the  presence  of  a  large  excess  of  the  amine,  the 
toluenesulphone  methylamide  remains  in  semi-solid  condition, 
so  that  one  is  quite  easily  misled  in  regard  to  the  end  of  the  re- 
action. The  solution  was  cooled  with  ice-water  and  the  amide 
separated  by  filtration.  Orthotoluenesulphone  methylamide 
was  found  to  be  insoluble  in  cold  water,  slightly  insoluble  in  hot 
water,  quite  soluble  in  absolute  alcohol,  but  from  the  last  it 
did  not  crystallize  in  good  condition.  It  is  furthermore  solu- 
ble in  acetone  and  chloroform,  thin,  striated  plates  crystal- 
lizing from  the  former  (m.  p.  73°  to  75°  C).  The  methyl- 
amide was  found  to  be  quite  insoluble  in  cold  benzene  and  al- 
most insoluble  in  cold  ligroin.  A  mixture  of  the  two  solvents 
gave  the  best  results. 

If  the  proper  amount  of  ligroin  is  added  to  a  solution  of  the 
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amide  in  benzene,  the  amide  comes  out  in  the  form  of  beauti- 
ful, colorless  needles  after  one  crystallization.  Slow  crystal- 
lization gives  plates ;  rapid  crystallization  gives  needles. 
The  melting-point  of  both  products  is  74°  to  75°  C. 

I.  0.1969  gram  substance  gave,  by  Liebig's  method,  0.2510 
gram  BaSO^. 

II.  0.2033  gram  substance  gave,  by  Liebig's  method,  0.2550 
gram  BaSO^. 

III.  0.1956   gram   substance   gave   0.3739   gram  CO,  and 
0.1038  gram  HjO. 

IV.  0.2216   gram  substance  gave   0.4186  gram   COj   and 
0.1 191  gram  H^O. 


Calculated  for  Found. 


C,H 


CHg 

SO2NHCH3' 


S     17.31     17.45  16.92  

C     51-77      52.12  51.51 

H      6.06      ....   ••••   5.94   6.01 

The  oxidation  of  the  amide  with  potassium  permanganate 
in  alkaline  solution  gave  rise  to  the  formation  of  a  small 
amount  of  the  potassium  salt  of  orthoraethylsulphamineben- 
zoic  acid,  which,  when  acidified  with  hydrochloric  acid  at  the 
ordinary  temperature,  passed  to  the  methyl  ester  of  benzoic 
sulphinide.  However,  when  the  temperature  of  the  solution 
was  lowered  to  about  10°  C,  the  acid  added  cautiously,  and 
the  resulting  solution  allowed  to  evaporate  slowly,  ortho- 
methylsulphaminebenzoic  acid  crystallized  from  the  solution 
in  small,  radiating  needles.  The  acid  has  no  constant  melt- 
ing-point. It  begins  to  soften  at  70°  C.  and  is  not  completely 
reduced  to  a  clear  liquid  below  126°  C.  If  the  temperature  is 
kept  at  the  latter  point  for  some  minutes,  then  allowed  to 
fall  slowly,  the  product  remaining  in  the  tube  will  melt  at 
127°  to  129°  C,  which  indicates  the  formation  of  methyl  ben- 
zoic sulphinide  from  orthomethylsulphaminebenzoic  acid  by 
the  loss  of  I  molecule  of  water. 

Action  of  Aqueous  Methylamine  on  the  Symmetrical  Chloride. 
— When  a  20  per  cent  solution  of  methylamine  in  water  is 
added  to  the  pure  symmetrical  chloride  of  orthosulphobenzoic 
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acid,  reaction  begins  at  the  ordinary  temperature,  with  the 
formation  of  methyl  benzoic  sulphinide  and  methylamine  hydro- 
chloride. At  low  temperatures  a  second  compound  is  formed. 
This  crystallizes  in  needles  (m.  p.  74°  C.)  and  is  probably 
the  symmetrical  dimethylamide  of  orthosulphobenzoic  acid, 

.CONHCH, 
CgH^^  ,  analogous  to  the  symmetrical  dianilide, 

\SO,NHCH, 

C6H^<^  ,  which  has  been  fully  described  by  other 


'\SO,NHC,H, 

investigators.     The  product  melting  at  74°  C.  was  obtained 
in  insufficient  quantities  for  analysis. 

Action  of  Methylamine  on  the  Unsymmetrical  Chloride. — 
When  the  dry  amine  was  passed  rapidly  into  the  solution  of 
the  unsymmetrical  chloride  in  anhydrous  ether,  the  tempera- 
ture was  soon  raised  to  the  melting-point  of  the  chloride  and 
the  boiling-point  of  the  ether.  The  ether,  saturated  with  the 
methylamine  vapors,  carried  over  small  quantities  of  the 
chloride,  which,  in  contact  with  the  air,  presented  a  white, 
cloud-like  appearance. 

The  products  were  treated  differently,  according  to  circum- 
stances. When  the  products  were  viscous,  the  mixture  was 
dissolved  in  anhydrous  alcohol  and  attempts  made  to  separate 
them  by  fractional  crystallization.  These  attempts  were  not 
entirely  successful,  as  will  be  shown  later.  However,  when 
the  reaction  continued  smoothly  and  the  hydrochloride  pre- 
cipitated in  dry,  flaky  condition,  the  entire  product,  after  the 
evaporation  of  the  ether  at  the  ordinary  laboratory  temperature, 
was  washed  with  ice-water  in  order  to  remove  the  methyl- 
amine hydrochloride.  The  residue  is  quickly  pressed  between 
layers  of  filter-paper  and  thoroughly  dried.  At  least  two  com- 
pounds are  formed  when  methylamine  acts  on  the  unsym- 
metrical chloride.  On  dissolving  the  dry  product  in  warm 
anhydrous  alcohol  the  methyl  ester  of  benzoic  sulphinide 
crystallizes  out  of  the  cold  solution.  The  ester  was 
also  formed  and  in  somewhat  larger  quantities,  when  the 
■  product  was  dissolved  in  dilute  alcohol.     The  methyl  benzoic 
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sulphinide  was  found  to  be  identical  with  that  obtained  from 
the  symmetrical  chloride  and  methylamine.  The  second  com- 
pound of  the  reaction  proved  to  be  the  unsymmetrical  di- 
methylamide  of  orthosulphobenzoic  acid. 

At  times  as  much  as  15  per  cent  of  methyl  benzoic  sulphinide 
is  formed.  This  invariably  crystallizes  first,  and  can  be  sepa- 
rated from  the  syrupy  mass  by  means  of  a  Witt  plate  and  a 
filter-pump.  The  unsymmetrical  derivative  rarely  crystallized 
from  the  remaining  syrup.  On  the  other  hand,  it  was  ob- 
tained more  frequently  when  the  product  from  the  methyl- 
amine and  unsymmetrical  chloride  was  dissolved  in  an  ex- 
cess of  anhydrous  ethyl  alcohol  at  ordinary  temperatures,  and 
the  solvent  evaporated  by  passing  a  current  of  dry  air  over 
the  solution,  or  by  allowing  the  solution  to  remain  in  a  sul- 
phuric acid  desiccator  until  crystallization  was  complete. 

Infusible  Dimethylamide  of  Orthosulphobenzoic  Acid, 
C=(NHCH3), 
C^/        j^O  ,  is  obtained  by  the  action  of  methyl- 

SO, 
amine  on  the  unsymmetrical  chloride  at  low  temperatures.  It 
crystallizes  from  alcohol  in  plates,  which  are  insoluble  in  cold 
water.  In  fact  the  best  method  of  obtaining  the  crystals  free 
from  the  mother-liquor  is  to  wash  them  thoroughly  with 
water.  The  amide  does  not  fuse  at  330°  C.  Above  this  tem- 
perature decomposition  begins.  The  following  analytical  re- 
sults were  obtained  for  carbon  and  hydrogen. 

0.2531  gram  substance  gave  0.4418  gram  CO^  and  0.1231 
gram  H,0. 

Calculated  for 
C-=(NHCHg)2 
CeHy      So  .  Found. 

SOo 

C  47.75  47.60 

H  5.35  5-46 

Evidently  this  compound  is  isomeric  with  the  amide  of  the 
xCO.NHCHj 
formula  CjH^<^  ,  but,  as  has  been  stated,  such  a 
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compound  has  not  been  obtained  except  possibly  in  very- 
small  quantity. 

It  should  be  said  that  the  products  obtained  from  the  action 
of  methylamine  on  the  unsymmetrical  chloride  are  not  easily 
obtained.  By  far  the  largest  part  of  the  product  does  not 
crystallize  and  could  not  be  further  investigated. 

Action  of  Ethylamine  on  the  Symmetrical  Chloride  of  Ortho- 
sulphobenzoic  Acid. — Kthyl  benzoic  sulphinide  is  the  sole  prod- 
uct of  the  action  of  anhydrous  ethylamine  on  the  symmetrical 
chloride  in  dry  ethereal  solution  : 


^H,<^ 


CO: 

soj 


01  "IT: 

+     J^N.C,H,  +  2NHAH,     = 


CI       HI 


yCO\ 


C,H,<  >N.C,H,  +  2NH,C,H..HC1. 

\so/ 

The  compound  was  isolated  by  extracting  the  ethylamine 
hydrochloride  from  the  white,  pulverulent  residue  obtained 
from  the  ether  solution  with  cold  water  and  crystallizing  the 
ethyl  derivative  from  alcohol.  It  is  soluble  in  ethyl  alcohol, 
less  so  in  methyl  alcohol,  quite  soluble  in  acetone  and  ben- 
zene, slightly  soluble  in  ligroin  and  warm  water,  and  prac- 
tically insoluble  in  cold  water.  Ethyl  benzoic  sulphinide 
crystallizes  from  dilute  ethyl  alcohol  in  acicular  crystals  and 
from  anhydrous  alcohol  in  stout  prisms,  melting  at  94°  C. 

This  compound  has  been  obtained  by  Fahlberg  and  I^ist^ 
by  treating  sodium  benzoic  sulphinide  with  ethyl  iodide  at 
230°,  and  by  Brackett'  by  treating  the  silver  salt  of  benzoic 
sulphinide  with  ethyl  iodide.  It  was  analyzed  with  the  fol- 
lowing results  : 

I.  0.0417  gram  substance  gave,  by  I^iebig's  method,  0.0503 
gram  BaSO^. 

II.  0.0964  gram  substance  gave,  by  Liebig's  method,  0.1171 
gram  BaSO^. 

III.  0.1737  gram  substance  gave,  by  I^iebig's  method, 
0.2045  gram  BaSO^. 

1  Ber.  d.  chem.  Ges.,  ao,  1598. 
*  This  Journal,  9,  496. 
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IV.  0,2158  gram  substance  gave  0.4062  gram  CO,  and 
0.0812  gram  H^O. 

V.  0.3012  gram  substance  gave  0.6415  gram  CO,  and  0.1106 
gram  HjjO. 

VI.  0.1975  gram  substance  gave,  by  the  Kjeldahl  method, 
0.0156  gram  NH3. 

VII.  0.2004  gram  substance  gave,  by  the  Kjeldahl  method, 
0.0163  gram  NH3. 

Calculated  for  Found. 

/COv 
CgHZ  >N.C2H6.  I.  II.  HI.  IV.  V.  VI.  VII. 

S         16.28         16.57  16.77  16.18    

c       51-31         5^.3451-29  

H  4.25  4.19     4.14     

N  6.63  6.59     6.67 

Orthoethylsulphaminebenzoic Acid. — Ethyl  benzoic  sulphinide 
passes  to  orthoethylsulphaminebenzoic  acid  when  hydrolyzed 
with  alcoholic  alkalies  : 

/C0\  /COOK 

CeH  /         >N.C,H5  +  2KOH  =  CeH  /  +  H,0. 

\S0/  \SO,NKC,Hy  ^ 

The  neutral  potassium  orthosulphaminebenzoate  crystallizes 
from  water  in  very  small  plates,  which  are  extremely  soluble 
in  water.  Two  determinations  of  the  water  of  crystallization 
indicated  2  molecules.  The  anhydrous  salt,  when  heated 
with  sulphuric  acid,  yielded  the  following  results  : 

0.2005  gram  substance  gave  0.0992  gram  K^SO^. 

0.2851  gram  substance  gave  o.  1415  gram  K^SO^. 

Calculated  for  Found. 

yCOOK 

C6H4<  .  I.  II. 

\SO2NKC2H6 

K  22.11  22.21  22.31 

By  heating  the  ethyl  ester  in  a  retort  connected  with  a  re- 
flux condenser,  for  six  hours,  with  an  alcoholic  solution  of 
barium  hydroxide,  barium  orthoethylsulphaminebenzoate  was 
formed. 

0.5102  gram  substance  gave  0.2020  gram  BaSO^. 
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Calculated  for 
/  .COO  \ 

I  C8H4<  I  oBa.  Found. 

\  ^SOjNHCjHs/ 

Ba  23,10  23.29 

It  is  necessary  to  heat  the  ethyl  ester  for  two  days  with  di- 
lute hydrochloric  acid  in  order  to  transform  it  completely  into 
the  ethyl  ammonium  salt  of  orthosulphobenzoic  acid. 

The  ethyl  ammonium  salt  crystallizes  from  water  in  the  form 
of  delicate  needles.     One  determination  of  sulphur  was  made. 

0.2154  gram  substance  gave,  by  I^iebig's  method,  0.2053 
gram  BaSO^. 

Calculated  for 
/COOH 
C«H4<'  .  Found. 

^SOoONHsCaHg 

S  12.96  13.10 

Action  of  Ethylamine  on  the  Unsymmetrical  Chloride . — Ethyl- 
amine,  like  methylamine,  reacts  in  two  ways  at  least  with  the 
unsymmetrical  chloride.  First,  with  the  formation  of  the 
symmetrical  derivative  ;  secondly,  with  the  formation  of  the 
infusible  diethylamide  of  orthosulphobenzoic  acid.  When  the 
product  is  heated  with  dilute  alcohol,  ethyl  benzoic  sulphinide 
is  formed  in  somewhat  larger  quantity  than  in  the  case  of 
methylamine  and  the  unsymmetrical  chloride.  One  crystal- 
lization only  was  necessary  to  bring  the  melting-point  of  the 
ethyl  ester  thus  obtained  to  that  of  the  product  obtained  from 
the  symmetrical  chloride  (94°  C).  There  is  no  danger  of 
mistaking  the  ester.  It  is  perfectly  characteristic  in  all  of  its 
reactions. 

Although  these  reactions — of  methyl-  and  ethylamines  with 
the  unsymmetrical  chloride — are  seemingly  analogous  in  every 
way,  there  is  a  larger  percentage  of  the  ethyl  ester  formed. 
Experiments  carried  out  under  comparable  conditions — tem- 
perature of  the  solutions,  rate  of  flow  of  the  amine,  dilution  of 
the  alcohol,  etc. — all  confirm  this  statement.  And,  further, 
the  ethyl  ester  can  be  removed  from  the  reaction-products 
with  less  difl&culty  than  in  the  case  of  the  methyl  ester. 

The  second  of  the  products  of  the  action  of  ethylamine  on 
the  unsymmetrical  chloride  was  the  infusible  diethylamide  of 
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orthosulphobenzoic  acid.  The  infusible  diethylamide  was 
obtained  by  evaporating  slowly  the  alcoholic  solution  of  the 
products,  from  which  the  ethylamine  hydrochloride  had  been 
removed.  The  largest  and  most  satisfactory  crystals  were  ob- 
tained from  an  alcoholic  solution,  that  required  more  than  two 
months  for  the  evaporation  of  the  solvent — about  150  cc. 

The  infusible  diethylamide  of  orthosulphobenzoic  acid  crys- 
tallizes in  beautiful,  rhombic  prisms,  that  are  insoluble  in 
petroleum  ether  and  chloroform  ;  sparingly  soluble  in  benzene 
and  acetone  ;  reasonably  soluble  in  methyl  and  ethyl  alcohols, 
to  a  less  degree  in  the  former ;  and  insoluble  in  water.  It 
yielded  the  following  results  when  analyzed  : 

0.2754  gram  substance  gave  0.4991  gram  CO,  and  0.1469 
gram  H^O. 

Calculated  for 
C=(NHC2H6)a 
CeH*/       \o  .  Found. 

SO2 

C  4'9-53  49-41 

H  6.56  5-98 

At  0°  C,  or  slightly  above  this  temperature,  the  liquid 
amine  reacts  with  the  unsymmetrical  chloride  quite  satisfac- 
torily. The  product,  which  was  colored  slightly  yellow,  was 
freed  from  the  ethylamine  hydrochloride  by  washing  it  with 
ice-cold  water.  The  only  compound  that  was  certainly  iden- 
tified was  the  ethyl  ester  of  benzoic  sulphinide.  At  — 20°  C. 
anhydrous  ethylamine  is  entirely  without  action  on  the  un- 
symmetrical chloride  of  orthosulphobenzoic  acid. 

Action  of  Diethylamine  on  the  Symmetrical  Chloride  of  Ortho- 
sulphobenzoic Add. — The  symmetrical  chloride  is  quantita- 
tively transformed  into  the  symmetrical  tetramethyldiamide  of 
orthosulphobenzoic  acid  by  dimethylamine  in  solution  in  an- 
hydrous ether,  according  to  the  following  reaction  : 


/CO  iCl       HiN(CH,), 
C.h/        i      -f      i  +2NH(CH,), 


^\ 


SO^iCl       HjN(CH,), 


/CO.N(CH,), 
QHX  -f  2NH(CH,),.HC1. 


*\ 


SO,N(CH,), 


Chlorides  of  Orthosuiphobenzoic  Ada.  289 

It  crystallizes  very  well  from  an  alcoholic  solution. 
The   pure   tetramethylorthosulphaminebenzamide    yielded 
the  following  results  on  analysis  : 

I.  0.2143  gram  substance  gave  0.2082  gram  BaSO^. 
II.  0.1978  gram  substance  gave  0.1937  gram  BaSO^. 

III.  0.2396  gram  substance  gave  0.4345  gram  CO,  and 
0.1424  gram  H^O. 

IV.  0.1851  gram  substance  gave  0.5162  gram  CO,  and 
0.1703  gram  H,0. 

V.  0.1590  gram  substance  gave  0.0195  gram  N. 
VI.  0.2508  gram  substance  gave  0.0285  gram  N. 

Calculated  for  Found. 

/CON(CH3)2 
CjHi^  I.  II.  III.  IV.  V.  VI. 

^S02N(CH3)2 

S         13.01  13.25    13.44     

C  49-53  49-72     49-37       

H  6.56  6.66       6.67       

N  11-37  12.26     11.38 

Unlike  the  esters  of  benzoic  sulphinide,  tetramethylortho- 
sulphaminebenzamide  is  not  changed  by  alcoholic  caustic 
alkalies.  Like  the  esters,  it  is  not  decomposed  by  dilute 
aqueous  caustic  alkalies.  Concentrated  aqueous  alkalies  give 
the  corresponding  salt  of  orthosuiphobenzoic  acid  and  di- 
methylamine : 


/C0N(CH,), 
C,h/  -f-2K0H     = 


SO,N(CH,), 


/COOK 
C,H  /  +  2NH(CH,),. 

\SO,OK 


Dilute  mineral  acids  do  not  hydrolyze  the  compound. 

A  crystallographic  examination*  gave  the  following  results  : 

1  The  crystallographic  work  herein  described  was  done  by  Dr.  B-  B.  Matthewt 
and  Mr.  A.  Johannsen. 
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Fig.  I. 


Fig.  II. 


Fig.  III. 


The  crystals  were  found  to  be  of  two  habits,  both  tabular, 
parallel  to  the  front  pinacoid  (loo),  but  differing  in  the  pres- 
ence or  absence  of  the  front  pinacoid.  The  crystals  are  sim- 
ple and  show  but  few  faces.  Figs.  I.  and  II.  are  front  and 
back  views  of  the  same  crystal,  and  Fig.  III.  is  of  the  other 
type. 

Faces  A  and  E  were  imperfect,  showing  many  small  cavi- 
ties or  incomplete  growth.  Faces  L  and  /,  which  were  stria- 
ted parallel  to  the  edge  LI,  were  large  and  extended  almost 
entirely  across  the  crystals,  giving  them  a  monoclinic  appear- 
ance. The  edges  IB  and  LH  were  so  imperfect  that  they 
could  not  be  used  in  measurements.  Faces /and  A' were 
very  small  and  their  edges  against  the  pinacoidal  were  indis- 
tinct, rendering  measurements  of  these  angles  impossible. 

The  average  of  the  angles  observed  were  as  follows  : 


HA 

,  AB,  DE 

DF, 

12°  30' 

BC, 

CD,  FG, 

GH, 

77°  30' 

BH 

FD, 

25°  00' 

IJ, 

60°  35' 

JD, 

44°  12' 

CI, 

73°  25' 

lA, 

IvA, 

70°  21' 

I.I, 

32°  10' 

Range  of  reading, 
Range  of  reading, 


9'. 
17' 


JE,  KE,  IB,  and  LA  were  indeterminate. 

The   foregoing   measurements   did   not   clearly  prove   the 
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monoclinic  or  orthorhombic  character  of  the  crystals,  but 
optical  tests  showed  parallel  extinction  with  the  emergence  of 
a  bisectrix  in  section  parallel  to  A.  The  extinction  shown 
when  the  crystal  was  examined  parallel  to  Cwas  also  parallel. 
The  plane  of  the  optic  axes  was  perpendicular  to  the  tabular 
face.  From  the  parallel  extinction  in  two  directions  it  is  con- 
cluded that  the  crystals  are  orthorhombic,  though  the  conclu- 
sion is  neither  proved  nor  disproved  by  the  crystal  measure- 
ments. On  the  assumption  that  the  crystals  are  orthorhombic, 
the  following  crystallographic  constants  are  found  : 

Axial  ratio  a  :  b  :  c.  0.232  :  i  :  0.127. 

Actio7i  of  Dimethylamine  on  the  Unsymmetrical  Chloride. — 
The  only  product  of  the  action  of  dimethylamine  on  the  un- 
symmetrical chloride  that  was  isolated  was  the  compound  ob- 
tained from  the  symmetrical  chloride  and  dimethylamine. 
No  infusible  product,  corresponding  to  the  primary  amine  de- 
rivative, was  isolated. 

Summary. 

This  investigation  has  shown  : 

1.  That  the  symmetrical  chloride  reacts  with  primary 
amines  with  the  formation  of  the  esters  of  benzoic  sulphinide 
of  the  general  formula, 

c,h/       \n.r. 
^so/ 

2.  That  the  unsymmetrical  chloride  with  primary  amines 
yields  small  amounts  of  the  esters  of  benzoic  sulphinide,  to- 
gether with  infusible  disubstituted  amides  : 


CeH,/ 


>■ 


^SO, 

3.  That  the  secondary  amines  react  normally  with  the  sym- 
metrical chloride,  giving  rise  to  compounds  of  the  general 
formula, 

.CONR, 


CoH,< 


\ 


SO,NR, 
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IV.    THE  ACTION  OF  PHENOL  ON  THE    CHLORIDES   OF    ORTHO- 
SULPHOBENZOIC  ACID.' 

By  Robert  E.  Humphreys. 

In  the  year  1894,  Remsen  and  Saunders''  studied  the  action 
of  phenol  on  what  were  then  known  as  the  solid  and  liquid 
chlorides  of  orthosulphobenzoic  acid.  When  phenol  was 
added  to  the  mixed  chlorides  they  passed  into  solution,  but 
no  reaction  was  observed  to  take  place  in  the  cold.  On  warm- 
ing, the  evolution  of  hydrochloric  acid  began  at  once,  and  the 
liquid  assumed  a  clear,  lake-red  color,  which  became  more  in- 
tense as  the  reaction  proceeded.  When  poured  into  a  hot 
solution  of  dilute  sodium  hydroxide,  a  crystalline  product 
separated  which  proved  to  be  the  diphenyl  ester  of  orthosul- 

XOOQH, 
phobenzoic  acid,  CgH^^  •     When  the  solid  chloride 

\SO,OCeH, 
alone  was  employed,  the  same  products  were  formed  as  with  a 
mixture  of  the  chlorides.  The  liquid  chloride,  when  treated 
in  the  same  way,  showed  the  usual  color  reaction,  and  when 
the  product  was  poured  into  dilute  sodium  hydroxide  a  heavy, 
yellow  oil  settled  to  the  bottom  of  the  vessel  and  became  crys- 
talline after  a  time.  On  recrystallizing  this  from  alcohol  two 
substances  were  isolated.  One  of  these  crystallized  in  needles 
and  proved  to  be  the  diphenyl  ester  of  orthosulphobenzoic 
acid,  and  the  other  crystallized  in  clear,  thin  columns,  which 
melted  at  98°  to  100°.  The  latter  product  was  not  studied. 
The  coloring-matter  was  supposed  to  bephenolsulphonephthal- 
ein. 

In  the  following  year  Remsen  and  McKee^  repeated  this 
work.  They  obtained  the  diphenyl  ester  of  orthosulphoben- 
zoic acid  without  difficulty,  but  made  no  mention  of  finding 
the  substance  which  melted  at  98°  to  100°.  They  tried  the  ef- 
fect of  treating  the  reaction-products  with  dilute  ammonia  in- 
stead of  dilute  sodium  hydroxide.     In  this  case  the  whole 

1  From  the  author's  dissertation  submitted,  June,  1900,  to  the  Board  of  University 
studies  of  the  Johns  Hopkins  University  in  conformity  with  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 

*  This  Journal,  17,  352. 

3  Ibid.,  18,  794. 
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mass  became  oily,  but  solidified  when  allowed  to  stand  for 
some  time.  This,  when  crystallized  from  alcohol,  yielded  the 
diphenyl  ester  of  orthosulphohenzoic  acid,  and  a  new  sub- 
stance which  was  called  phenyl  orthosulphaminebenzoate  and 

.COOCeH, 
given  the  formula  CgH^<^  .    They  described  the  crys- 

\SO,NH, 
tals  as  feathery-shaped,  and  gave  the  melting-point  as  131°  to 
132°.  They  were  not  able  to  isolate  the  substance  that  formed  this 
amide  with  ammonia,  but  supposed  it  to  be  the  orthosulphone 

.COOC^H, 
chloride  of  phenyl  benzoate,  CgH^<^  ,  formed  accord- 

\S0,C1 
ing  to  the  following  equation  : 

/COCl  /COOCeH, 

CeH,/  +C,H,OH     =     C„h/  +HC1. 

^SOXl  \S0,C1 


This,  they  thought,  reacted  with  ammonia  to  form  phenyl 
orthosulphaminebenzoate  in  the  following  manner  : 


'sH,^ 


COOCgHs  /COOC.H, 

+  NH,     =     C,h/  +  HCl. 

S0,C1  \SO,NH, 


In  an  article  by  L,ist  and  Stein^  on  the  chlorides  of  orthosul- 
phohenzoic acid,  the  authors  make  the  following  statement 
with  reference  to  this  phenyl  orthosulphaminebenzoate  ob- 
tained by  Remsen  and  McKee  : 

"  On  the  contrary,  in  spite  of  the  most  careful  experiments, 
we  have  in  vain  attempted  to  obtain  the  phenyl  ester  of  ortho- 
sulphaminebenzoic  acid.  According  to  our  experiments,  the 
ester  does  not  seem  to  be  capable  of  existence.  We  did  not 
obtain  it  either  by  treating  the  reaction-product  of  phenol  and 
the  chloride  with  aqueous  ammonia,  or  by  bringing  together 
the  pure  phenyl  ester  chloride  with  ammonia  water." 

In  consequence  of  this  statement.  Prof.  Remsen  suggested 
the  advisability  of  repeating  the  work  of  McKee  and  of  making 
a    careful    investigation    of   phenylorthosulphaminebenzoate 

1  Ber.  d.  chem.  Ges.,  31,  1648. 
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and  the  orthosulphone  chloride  of  phenyl  benzoate.  The  results 
of  this  investigation  are  recorded  in  this  paper. 

Confirmation  of  the  Work  of  Remsen  and  McKee. — Two  and 
a  half  grams  of  the  symmetrical  chloride  were  heated  with  2 
grams  (2  molecules)  of  phenol  in  a  test-tube  for  five  hours  at 
40°  to  45°.  The  reaction  proceeded  very  slowly  and  was  ac- 
companied by  the  formation  of  a  red  coloring-matter,  phenol- 
sulphonphthalein.^  The  reaction-products,  while  hot,  were 
poured  into  a  small  mortar  containing  ordinary,  dilute  ammo- 
nia, and  stirred  with  a  pestle.  The  mass  formed  a  thick, 
viscous  liquid,  which  required  at  least  an  hour,  and  fre- 
quently, in  repetition  of  this  experiment,  four  to  five  hours  to 
solidify.  The  hardened  product  was  finely  triturated,  washed, 
dried,  and  dissolved  in  30  cc.  of  96  per  cent  alcohol.  On 
cooling,  the  diphenyl  ester  of  orthosulphobenzoic  acid  separa- 
ted in  fine  needles.  These  were  filtered  off  and  the  fil- 
trate evaporated  down  to  a  volume  of  6  cc.  On  standing, 
small,  heavy,  transparent  crystals  formed  which  melted  at 
130°  to  131°,  and  after  recrystallization  at  131°  to  132°.  This 
product  corresponded  in  every  way  to  the  phenyl  orthosulph- 
aminebenzoate  described  by  Remsen  and  McKee. 

The  above  experiment  was  varied  in  many  ways,  but  the 
general  results  were  always  the  same.  If  the  reaction-products 
were  allowed  to  cool  and  then  poured  into  cold,  dilute  ammonia 
and  washed  with  cold  water  the  yield  of  phenyl  orthosulph- 
aminebenzoate  was  increased,  but  if  treated  with  warm 
ammonia  and  washed  with  hot  water  it  was  considerably 
lessened.  Working  under  the  best  conditions,  3  grams  of  di- 
phenyl ester  and  i  gram  of  phenyl  orthosulphaminebenzoate 
were  obtained  from  5  grams  of  the  symmetrical  chloride. 

Two  and  one-half  grams  of  unsymmetrical  chloride  were 
heated  with  2  grams  of  phenol  for  five  hours  at  40°  to  45". 
The  reaction  was  more  rapid  than  in  the  case  of  the  sym- 
metrical chloride,  but  in  general  it  appeared  to  proceed  in  the 
same  way.  The  mass  was  poured  into  dilute  ammonia  and 
then  treated  exactly  as  above.  The  diphenyl  ester  separated 
out  of  the  solution  in  alcohol.     The  filtrate  from  this  was  con- 

1  Remsen  and  Sohon  :  This  Journal,  ao,  263. 
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centrated  and  allowed  to  stand.  None  of  the  phenyl  ortho- 
sulphaminebenzoate  appeared.  When  the  solution  was 
brought  almost  to  dryness  a  small  quantity  of  oil  separated 
which  had  a  strong  odor  of  phenol.  No  success  ever  attended 
the  efforts  to  get  phenyl  orthosulphaminebenzoate  by  this 
process.  The  substance  obtained  from  the  symmetrical  chlo- 
ride gave  the  following  analytical  results  : 

I.  0.2973  gram  substance  gave  0.6098  gram  CO^  and  0.1075 
gram  Hj,0. 

II.  o.  1678  gram  substance  gave  0.3455  gram  COj  and  0.0625 
gram  HjO. 

III.  0.2428  gram  substance  gave  0.2028  gram  BaSO^. 

IV.  0.5773  gram  substance  required  15  cc.  standard  sul- 
phuric acid  (i  cc.  =  0.00256  gram  N),  less  2  cc.  standard 
soda  (i  cc.  =  0.004125  gram  N),  Kjeldahl  method. 


Calculated  for 

Found. 

C.H.<f°°'^'«'. 
^SOoNHs 

I. 

11. 

c 

56.28 

55-90 

56.15 

H 

3.99 

4.04 

4.16 

N 

5.07 

5.08 



S 

11-57 

11-57 

.... 

Formation  of  Phenyl  Orthosulphaminebenzoate . — Remsen  and 
McKee^  did  not  isolate  the  substance  that  reacted  with  ammo- 
nia to  form  phenyl  orthosulphaminebenzoate.  A  careful 
search  was,  therefore,  made  for  it.  The  best  yield  was  ob- 
tained when  the  symmetrical  chloride  and  phenol  were  heated 
at  40°  to  45°,  and  this  was  the  temperature  employed  in  the 
following  experiments. 

Two  and  one-half  grams  of  the  symmetrical  chloride  were 
mixed  with  2  grams  of  phenol  and  heated  for  five  hours  at  the 
temperature  mentioned  above.  The  mass  was  poured  into  a 
small  mortar  and  rubbed  up  first  with  cold  water  and  after- 
wards with  boiling  water.  Most  of  the  coloring-matter  was 
thus  removed.  After  solidification  it  was  finely  triturated,  fil- 
tered off,  dried,  and  dissolved  in  glacial  acetic  acid.  By  frac- 
tional crystallization  three  substances  were  isolated  which 
melted  at  118°  to  119°,  103°  to  104°,  and  79°. 5,  respectively. 
The  first  proved  to  be  the  diphenyl  ester  of  orthosulphoben- 
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zoic  acid,  the  second  the  orthosulphone  chloride  of  phenyl 
benzoate,  and  the  third  an  unchanged  portion  of  the  symmetri- 
cal chloride.  The  orthosulphone  chloride  of  phenyl  benzoate 
was  treated  in  the  cold  with  aqueous  ammonia,  but  there  was 
no  evidence  of  the  formation  of  phenyl  orthosulphamineben- 
zoate. 

Another  portion  of  the  symmetrical  chloride  was  heated  with 
phenol,  as  above,  and  the  product  washed  with  cold  water 
only.  On  crystallizing  from  glacial  acetic  acid  the  same 
products  were  obtained  as  in  the  preceding  experiment. 
Again,  the  reaction-products  were  poured,  without  washing, 
directly  into  glacial  acetic  acid.  After  twelve  hours  a  mass 
of  crystals  separated,  but  there  was  no  evidence  of  the  pres- 
ence of  any  substance  except  those  mentioned  above. 
The  crystals  were  filtered  off  and  the  filtrate  poured  into 
water.  An  oily  substance  separated,  which  was  extracted 
with  ether,  dried  over  calcium  chloride,  and  allowed  to  stand. 
After  some  time  a  few  crystals  of  the  diphenyl  ester  appeared, 
but  nothing  else  was  ever  obtained.  This  part  of  the  work 
was  rendered  very  difficult  by  the  presence  of  red  coloring- 
matter. 

Thinking  that  perhaps  both  hot  and  cold  water  destroyed 
the  substance  that  formed  phenyl  orthosulphaminebenzoate 
on  treatment  with  ammonia,  the  products  were  poured  into 
absolute  ether  and  allowed  to  crystallize.  The  beaker  con- 
taining the  solution  was  kept  in  a  desiccator  ;  crystals  formed 
slowly  and  were  removed  from  time  to  time  and  carefully  ex- 
amined. This  was  continued  until  the  solution  evaporated 
completely.  No  substances  other  than  those  already  men- 
tioned were  discovered. 

It  became  clear  that  the  phenyl  orthosulphaminebenzoate 
must  have  been  formed  by  the  action  of  ammonia  upon  the 
symmetrical  chloride  that  escaped  reaction  with  phenol.  The 
reaction  between  the  chloride  and  phenol  was  never  complete, 
even  when  the  heating  at  40°  to  45°  was  continued  for  five 
hours.  Occasionally,  when  the  mass  was  not  frequently 
stirred  during  the  heating,  considerable  of  the  chloride  re- 
mained unacted  upon.     It  was  possible  that  ammonia,  in  the 
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presence  of  phenol,  would  react  upon  this  to  form  phenyl 
orthosulphaininebenzoate. 

Two  grams  of  phenol  were  dissolved  in  25  cc.  of  dilute  am- 
monia and  to  this  2.5  grams  of  symmetrical  chloride  were 
added.  Reaction  began  at  once.  The  chloride  was  con- 
verted into  a  thick  oil,  which  settled  to  the  bottom  of  the  ves- 
sel, and  the  solution  became  quite  warm.  After  stirring  for 
some  time  the  oil  solidified.  This  was  filtered  off,  dried,  and 
crystallized  from  alcohol.  A  mass  of  fine  needles  separated 
out  which  melted  at  118°  and  appeared  to  be  the  diphenyl 
ester  of  orthosuiphobenzoic  acid,  and  so  proved  to  be  when  it 
was  recrystallized  and  submitted  to  analysis.  When  the  fil- 
trate was  evaporated  somewhat,  it  yielded  a  crop  of  clear,  thick 
crystals,  which,  on  purification,  melted  at  131°  to  132°,  and 
were  exactly  similar  in  all  respects  to  those  obtained  by  former 
methods. 

The  analysis  of  the  needles  gave  the  following  results  : 

I.  0.1582  gram  substance  gave  0.3722  gram  COj  and  0.0631 
gram  HjO, 

II.  0.1919  gram  substance  gave  0.4519  gram  CO^  and  0.0712 
gram  H^O. 


Calculated  for 

Found. 

/COOCeHg 
\SOsOC6H6 

I. 

II. 

c 

64-37 

64.16 

64.21 

H 

3.98 

4.46 

4-13 

S 

9-05 

8.65 

The  above  reaction  was  brought  about  in  various  ways. 
The  chloride  was  dissolved  in  phenol  and  dilute  ammonia 
slowly  added  with  stirring.  In  some  cases  the  mixture  was 
allowed  to  get  hot,  in  others  it  was  cooled  with  tap-water  or 
with  ice- water.  Phenyl  orthosulphaminebenzoate  was  always 
formed,  but  the  best  yield  was  obtained  when  the  chloride 
was  dissolved  in  phenol  and  ammonia  added  in  only  slight  ex- 
cess.    The  following  equation  expresses  the  reaction  : 

/COCl 
2C.h/  -f  3C,H,0H  +  5NH3     = 

\so,ci 

C,h/  -j-  C,h/  +  4NH,C1. 
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Two  grams  of  unsymmetrical  chloride  were  treated  as  above 
with  phenol  and  ammonia.  The  oily  mass  at  first  formed  was 
stirred  until  it  solidified.  It  was  then  filtered  off  and  crys- 
tallized from  alcohol.  Needles  of  the  diphenyl  ester  separa- 
ted. When  the  filtrate  was  evaporated  from  the  needles  no 
phenyl  orthosulphaminebenzoate  was  obtained.  The  unsym- 
metrical chloride  could  not  be  induced  to  yield  this  product, 
although  the  experiments  were  carried  out  under  many  con- 
ditions of  temperature,  and  with  variations  of  the  order  of 
mixing  the  ingredients.  The  unsymmetrical  chloride  is 
partly  converted  into  the  ammonium  salt  of  orthocyanbenzene- 

,CN 
sulphonic  acid,  CgH^<(^  ,  and  partly  into  the  diphenyl 

^SO.ONH, 
ester  of  orthosulphobenzoic  acid  : 

CCl 

2CeH,^         '^O  +  2C,H,0H  +  6NH,      =:= 


^SO, 


/CN  /COOC^Hj 


C,H  /  +  CeH/  +  4NH,C1. 

\SO,ONH,  \SO,OC,H, 

Properties  of  Phenyl  Orthosulphaminebenzoate. — The  melt- 
ing-point is  132°.  It  is  easily  soluble  in  alcohol,  acetone,  and 
glacial  acetic  acid  ;  moderately  soluble  in  benzene  ;  and  diffi- 
cultly soluble  in  ether,  ligroin,  hot  water,  and  hot,  dilute 
hydrochloric  acid.  The  crystals  are  triclinic  showing  base, 
right  and  left  prisms,  and,  occasionally,  left  negative  pyra- 
mid, left  brachydome,  and  macro-pinacoid.  /?  is  approxi- 
mately 27°,  ci  approximately  113°.  y  was  not  determined. 
The  basal  cleavage  is  medium  good,  and  luster  vitreous. 
Medium  index  of  refraction  and  low  double  refraction.  Ex- 
tinction +  5°  15'  off  the  right  prismatic  face  on  basal  section. 

Dilute  potassium  hydroxide  readily  converts  it  into  the  potas- 
sium salt  of  benzoic  sulphinide. 

Dilute  ammonia  acts  in  the  same  way.  It  is  also  slowly 
hydrolyzed  by  boiling  water.  It  is  soluble  in  hot  water  to  an 
extent  that  permits  of  its  purification  by  this  means.  The  di- 
phenyl ester  of  orthosulphobenzoic  acid,  the  substance  most 


Chlorides  of  Orthosulphobenzoic  Acid.  299 

commonly  contaminating  it,  is  thus  easily  removed,  as  it  is 
insoluble  in  hot  water. 

It  is  probable  that  the  reaction  proceeds  according  to  the 
following  equation  : 

C.h/  +2KOH     = 

\SO,NH, 

C,H  /         \NK  -h  C,H,OK  +  H,0. 

\so/ 

Cresyl  Orthosulphaminebenzoates. — It  seemed  desirable  to 
try  the  action  of  the  cresols  on  the  chlorides  of  orthosulpho- 
benzoic acid  in  the  presence  of  ammonia  in  order  to  see  if  it 
is  analogous  to  that  of  phenol.  This  was  found  to  be  the 
case.  Only  the  ortho-  and  paracresols  were  employed.  They 
reacted  with  more  difficulty  than  phenol,  and  this  was  espe- 
cially true  of  orthocresol.  Both  of  the  cresyl  orthosulphamine- 
benzoates were  prepared  from  the  symmetrical  chloride.  The 
unsymmetrical  chloride  does  not  react  with  the  cresols, 

Orthocresyl  Orthosulphaminebenzoate  -Tsvo  and  one-half  grams . 
of  symmetrical  chloride  are  placed  in  a  beaker  with  i  gram  of 
orthocresol  and  an  excess  of  dilute  ammonia.  The  whole  is 
heated  on  the  water-bath  and  vigorously  stirred  until  the 
oily  mass  solidifies.  This  requires  about  ten  minutes.  The 
product  must  remain  solid  when  heated  up  nearly  to  100*. 
The  chloride  is  thus  converted  into  orthocresyl  orthosulph- 
aminebenzoate,  and  the  dicresyl  ester  of  orthosulphobenzoic 
acid,  the  former  largely  predominating.  It  is  purified  by  re- 
crystallization  from  alcohol.  Its  melting-point  is  152°.  On 
analysis  the  following  results  were  obtained  : 

I.  0.1753  gram  substance  gave  0.1395  gram  BaSO^. 
II.  0.1701  gram  substance  gave  0.1470  gram  BaSO^. 

III.  0.3600  gram  substance  gave,  by  the  Kjeldahl  method, 
0.0122  gram  N. 

IV.  0.3954  gram  substance  gave  0.01854  gram  N. 


Calculated  for 
/COOC7H7 
C,H4< 

\S0sNH, 

I. 

Found. 

II. 

s 

N 

II. 01 
4.82 

10.92 
4.78 

11.58 
4.69 
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Paracresyl  Orthosulphaminebenzoate. — This  is  made  by  the 
method  above  mentioned.  Paracresol  reacts  more  easily  than 
orthocresol,  and  the  proportion  of  the  dicresyl  ester  formed 
was  much  greater  than  in  the  preceding  experiment. 

It  is  impossible  to  say  positively  from  a  consideration  of  the 
foregoing  reactions  whether  the  amido  group  is  in  the  benzoic 
acid  or  the  sulphonic  acid  group,  though  they  make  it  proba- 
ble that  it  is  the  latter.  In  order  to  settle  this  question  the 
following  line  of  investigation  was  taken  up.     Orthosulpha- 

yCOOH 
minebenzoic  acid,    CgH^<^  ,    and    orthocarbaminesul- 

\SO,NH, 
yCONH, 
phonic  acid,  CgH^^  ,    are   both  known,  having  been 

\SO,OH 
carefully  investigated  in  this  laboratory  by  F.  D.  Wilson.^  It 
was  proposed  to  make  the  phenyl  esters  of  each  of  these  acids 
and  compare  them  with  the  phenyl  orthosulphaminebenzoate, 
so-called,  made  by  the  action  of  phenol  and  ammonia  on  the 
symmetrical  chloride. 

Phenyl     Orthocarbaminesulphonate. Orlhocarbaminesul- 

phonic  acid  was  made  according  to  the  method  given  by  Wil- 
son. This  was  converted  into  the  chloride  by  heating  the 
potassium  salt  with  phosphorus  oxychloride.  The  chloride 
is  placed  in  a  beaker  with  a  little  more  than  the  calculated 
quantity  of  phenol  and  a  slight  excess  of  a  dilute  solution  of 
potassium  hydroxide.  The  whole  is  heated  on  a  water-bath 
and  stirred  until  the  oily  mass  solidifies.  It  is  then  filtered 
off,  carefully  washed,  and  cr5'stallized  from  alcohol.  The 
crystals  separate  in  the  form  of  plates  or  needles.  They  are 
colorless  and  the  melting-point  is  95°.  The  product  obtained 
as  above  gave  the  following  analytical  results  : 

I.  0.1502  gram  substance  gave  0.1322  gram  BaSO^. 
II.  0.1 23 1  gram  substance  gave  0.1059  gram  BaSO^. 

III.  0.3866  gram  substance  gave,  by  the  Kjeldahl  method, 
0.0206  gram  N. 

IV.  0.4098  gram  substance  gave  0.0216  gram  N. 

1  Dissertation,  1899. 
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Calculated  for 
.CONH2 

s 

N 

11.57 
5-07 

12. II  II. 81 

5-32  5.27 

The  method  of  formation  clearly  indicates  that  the  correct 

formula  of  this  substance  is  CjH^<^  .       It  is  entirely 


different  from  the  substance  obtained  from  the  symmetrical 
chloride  by  treating  with  phenol  and  ammonia.  Its  melting- 
point  is  37°  lower, and  its  mode  of  crystallization  quite  differ- 
ent. Toward  most  of  the  reagents  that  easily  act  upon  the 
phenyl  orthosulphaminebenzoate  it  is  stable.  It  resists  the 
action  of  hot,  dilute  potassium  hydroxide  to  a  far  greater  de- 
gree, and  is  not  converted  by  it  into  a  salt  of  benzoic  sulphinide. 
Phenyl  Orthosulphaminebenzoate. — The  attempt  was  next 
made  to  prepare  the  phenyl  ester  of  orthosulphaminebenzoic 

.COOQH, 
acid,  CgHX  •     The  acid  was  prepared  according  to 

\SO,NH, 
directions  given  by  Wilson.^  Wilson  was  not  able  to  make 
the  chloride  of  this  acid,  and  our  attempts  were  also  unsuc- 
cessful. Thinking  that  the  ester  might  be  made  by  direct 
treatment  of  the  acid  or  its  salts,  various  methods  were  tried. 
The  acid  was  warmed  with  phenol  and  phosphorus  oxychlo- 
ride  gradually  added.  A  vigorous  reaction  resulted,  but  no 
ester  was  formed.  The  acid  was  transformed  into  benzoic 
sulphinide.  When  phosphorus  pentachloride  was  employed 
instead  of  the  oxychloride  the  result  was  the  same.  Then  a 
mixture  of  the  acid  (i  part),  phenol  (4  parts),  and  concentra- 
ted sulphuric  acid  (0.2  part)  was  heated  on  the  water-bath 
for  eight  hours.  At  intervals  of  one  hour  small  portions  were 
removed  and  examined  for  the  ester.  It  was  found  that  the 
formation  of  benzoic  sulphinide  began  immediately  and  con- 
tinued slowly  to  complete  reaction.  No  evidence  of  the 
formation  of  the  ester  was  found.  The  silver  salt  of  the  acid 
was  prepared  and  heated  with  phenyl  iodide  at  125°  for  three 
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days.  As  far  as  could  be  discovered,  little  or  no  reaction  had 
occurred.  Further  efforts  to  prepare  this  ester  were  aban- 
doned for  lack  of  time.  While  it  was  not  possible  to  prepare 
and  compare  it  with  the  one  formed  by  treatment  of  the  sym- 
metrical chloride  with  phenol  and  ammonia,  yet  the  formula 

.COOC.H, 
previously  assigned  to  the  latter  substance,  C5H^<f  ,  is 

^SO.NH, 
rendered  very  probable  by  the  fact  that  the  phenyl  ester  of 
orthocarbaminesulphonic  acid  was  shown  to  be  quite  a  differ- 
ent substance.  Other  considerations  pointing  to  the  correct- 
ness of  this  view  will  be  taken  up  in  the  general  discussion  of 
results. 

Orthosulphone  Chloride  of  Phenylbenzoate . — This  substance 
is  formed  from  both  chlorides  by  heating  them  with  phenol. 
In  order  to  determine  its  proportion  relative  to  that  of  the  di- 
phenyl  ester  of  orthosulphobenzoic  acid  formed  at  the  same 
time,  the  following  experiments  were  undertaken  :  Two  and 
one-half  grams  of  each  chloride  were  placed  in  a  test-tube 
with  2  grams  of  phenol  and  heated  five  hours  in  a  sulphuric 
acid-bath.  A  series  of  six  experiments  was  made  with  each 
chloride  at  each  of  the  following  temperatures  :  40°  to  45°,  65° 
to  70°,  100°,  and  135°. 

At  40°  to  45°,  the  lowest  temperature  at  which  reaction  ap- 
peared to  take  place,  the  reaction  proceeded  very  slowly  and 
was  never  complete  with  either  chloride  at  the  end  of  five 
hours.  The  red  mass  formed  was  poured  into  a  mortar  and 
rubbed  successively  with  cold  and  with  hot  water  until  the  col- 
oring-matter was  removed  as  far  as  possible .  This  could  not  be 
completely  effected,  even  by  washing  with  dilute  alkali.  When 
poured  into  water  the  reaction-products  form  an  oil  which,  as  the 
washing  proceeds,  passes  through  a  viscous  stage  to  the  solid 
state.  This  was  then  finally  triturated,  filtered  off,  and  dried. 
The  product  from  the  symmetrical  chloride  had  a  pale-yellow 
color,  and  that  from  the  unsymmetrical  was  nearly  white. 
These  were  crystallized  from  glacial  acetic  acid.  From  the 
symmetrical  chloride  the  diphenyl  ester  of  orthosulphobenzoic 
acid,  and  the  orthosulphone  chloride  of  phenyl  benzoate  were 
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formed,  the  former  in  much  greater  quantity  than  the  latter. 
The  diphenyl  ester  crystallizes  in  needles,  and  the  orthosul- 
phone  chloride  of  phenyl  benzoate  in  heavy  prisms.  These 
could  be  roughly  separated  by  the  method  of  subsidence,  but 
only  an  approximate  determination  could  be  made  of  the  rela- 
tive quantities  present. 

From  the  unsymmetrical  chloride,  theorthosulphone  chloride 
of  phenyl  benzoate  was  formed  almost  exclusively,  only  a  few 
needles  of  the  diphenyl  ester  appearing. 

At  60°  to  65°  the  reaction-products  were  more  highly  colored 
and  more  diflScult  to  wash  free  of  coloring-matter.  Some  color 
remained  even  after  most  vigorous  methods  were  used  to  remove 
it.  When  poured  into  a  mortarand  water  added,  each  solidified 
at  once  without  passing  through  the  oily- viscous  stages.  The 
washed  product  from  the  symmetrical  chloride  had  a  light- 
yellow  color,  while  that  from  the  unsymmetrical  was  pink. 
The  same  products  were  formed  as  at  the  lower  temperature, 
but  in  somewhat  different  proportions.  From  the  symmetrical 
chloride  the  diphenyl  ester  was  formed  in  larger  quantity,  the 
phenyl  ester  chloride  in  smaller.  The  same  was  found  to  be 
true  in  the  case  of  the  unsymmetrical  chloride. 

At  100°  the  products  from  the  symmetrical  chloride  were  a 
very  small  quantity  of  phenyl  ester  chloride  and  a  relatively 
larger  quantity  of  diphenyl  ester.  From  the  unsymmetrical, 
these  two  products  were  formed  in  about  equal  proportions. 

At  130°  the  product  from  each  chloride  consisted  wholly  of 
diphenyl  ester. 

Taking  these  facts  into  consideration,  the  best  method  of 
preparing  the  orthosulphone  chloride  of  phenyl  benzoate  is  as 
follows  : 

One  molecule  of  unsymmetrical  chloride  is  heated  with  2 
molecules  of  phenol  from  twelve  to  sixteen  hours  at  40°  to  45°. 
The  mass  is  washed  thoroughly  with  hot  water,  allowed  to 
solidify,  and  crystallized  from  glacial  acetic  acid.  The  crys- 
tals are  large  and  colorless  and  melt  at  103°  to  104°.  When 
crystallized  from  alcohol  they  have  the  appearance  of  rhombs. 
It  is  easily  soluble  in  alcohol  and  glacial  acetic  acid,  and 
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difficultly  soluble  in  ether  and  benzene.     The  substance  pre- 
pared as  above,  gave  the  following  results  on  analysis  : 

I.  0.1868  gram  substance  gave  0.3600  gramCO^  and  0.061 1 
gram  H^O. 

II.  0.2257  gram  substance  gave  0.4386  gram  CO,  and  0.0666 
gram  H,0. 

III.  0.1845  gram  substance  gave  0.3522  gram  COj  and  0.520 
gram  HjO. 

IV.  0.1522  gram  substance  gaveo.1175  gram  BaSO^  and 
0.0761  gram  AgCl. 

V.  0.1426  gram  substance  gave  o.iioi   gram  BaSO^  and 
0.0714  gram  AgCl. 


Calculated  for 

Found. 

.COOC9H5 
CoHZ 

\sO2Cl 

I. 

II. 

III. 

c 

52.62 

52.56 

52.99 

52.06 

H 

3-04 

3.63 

3-29 

3-14 

S 

10.79 

10.64 

10.59 

.... 

CI 

11.97 

11.68 

12.37 



Action  of  Acids,   Water,  Alkalies,  Etc. ,  upon  the  Phenyl  Ester 
Chloride. 

Dilute  hydrochloric  and  sulphuric  acids  readily  saponify  the 
ester  chloride  when  boiled  with  it,  giving  <7-sulphobenzoic 
acid. 

Water  causes  about  the  same  decomposition  when  boiled 
with  it  for  six  hours. 

The  phenyl  ester  chloride  was  boiled  with  a  solution  of 
barium  hydroxide  which  was  saturated  at  the  ordinary  tem- 
perature. After  two  hours  the  thick,  oily  drops  floating  about 
in  the  solution  solidified  in  a  crystalline  condition,  and  further 
boiling  produced  no  change.  The  solid  was  filtered  off, 
washed,  and  crystallized  from  alcohol.  Fine  needles  separa- 
ted which  melted  at  118°  and  had  the  well-known  appearance 
of  the  diphenyl  ester  of  orthosulphobenzoic  acid.  The  filtrate 
yielded  crystals  of  barium  orthosulphobenzoate. 

I.  0.1875  gram  substance  gave  0.1171  gram  BaSO^. 

II.  0.1946  gram  substance  gave  0.1210  gram  BaSO^. 
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Calculated  for  Found. 

C7H4SOS  +  2H2O.  I.  II. 

Ba  36.79  36.76  36.59 

The  needles  gave  the  following  analytical  results  for  carbon 
and  hydrogen  : 

I.  0.1752  gram  substance  gave  0.41 15  gram  CO^  and  0.0635 
gram  HjO. 

II.  o.  1973  gram  substance  gave  0.4600  gram  COj  and  0.0704 
gram  H^O. 


Calculated  for 

Found. 

c.„<'=°°'=''". 

^SOoOCaHs 

I. 

II. 

c 

64.39 

64.06 

64.05 

H 

3-98 

4-03 

3.96 

The  formation  of  the  diphenyl  ester  under  these  conditions 
was  unexpected,  although  it  is  easily  explained  as  a  special 
form  of  the  Schotten-Baumann  reaction  : 

2C,h/  +2Ba(0H),     = 

^SO.Cl 

C,h/         >Ba  +  BaCl,  +  CeH,<  +  2H,0. 

A  similar  experiment  was  carried  out  with  a  solution  of 
pota.ssium  hydroxide.  There  was  a  gradual  formation  of  the 
diphenyl  ester,  which  continued  for  two  hours,  when  the  re- 
action was  complete.  The  other  product  of  the  reaction  was 
orthosulphobenzoic  acid.  No  constant  quantitative  relations 
between  these  products  were  discovered  in  this  or  the  pre- 
ceding experiment. 

Aqueous  ammonia  acts  only  slightly  on  the  orthosulphone 
chloride  of  phenyl  benzoate  in  the  cold,  but  when  the  tempera- 
ture is  raised  the  reaction  proceeds  very  smoothly  with  the 
formation  of  the  ammonium  salt  of  benzoic  sulphinide. 

One  gram  of  the  substance  was  dissolved  in  absolute  ether 
and  the  solution  placed  in  a  small  cylinder,  which  was  kept 
cool  with  ice-water.  Dry  ammonia  gas  was  slowly  passed 
through  this   for  an   hour.     A   white   precipitate  gradually 
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formed,  and  this  was  filtered  off  and  dried.  When  dissolved 
in  a  small  amount  of  water,  this  gave  a  precipitate  of  benzoic 
sulphinide  on  the  addition  of  strong  hydrochloric  acid. 

The  above  experiment  was  repeated  and  the  ether  kept  at  a 
temperature  of  30°.  The  reaction  took  place  essentially  as 
before.  The  phenyl  ester  chloride  in  solution  in  ether  is  de- 
composed by  ammonia  according  to  the  following  equation  : 

/COOC.H^ 
C,H,((  +3NH3     = 

\S0,C1 

C,h/         ^N.NH,  +  NH.Cl  +  CeH^OH. 

Action  of  Aniline. — It  was  thought  that  aniline  would  react 
with  the  orthosulphone  chloride  of  phenyl  benzoate  to  form  the 


orthosulphone  anilide  of  phenyl  benzoate, CgH 


/ 


COOCgH. 


Finely  powdered  orthosulphone  chloride  of  phenyl  benzoate 
was  added  to  an  emulsion  of  aniline  in  water.  An  oily  mass 
was  formed  which  slowly  solidified.  The  solid  was  freed  from 
aniline  by  washing,  first  with  dilute  hydrochloric  acid  and  then 
water.  On  crystallizing  from  glacial  acetic  acid,  unchanged 
phenyl  ester  chloride  first  separated,  and  afterwards  a  small 
quantity  of  long,  white  blades  which  melted  at  190°  to  191°. 
They  were  insoluble  in  water  and  alkalies,  and  proved  to  be 

/CO. 
the  anil,   CgH^^  ^N.CgHj,    described    by    Remsen    and 

^so/ 

Coates.^  When  the  substance  was  treated  with  pure  aniline, 
the  yield  of  the  anil  was  quite  good.  No  evidence  of  the  forma- 
tion of  the  orthosulphone  anilide  of  phenyl  benzoate  was  ob- 
served. Finally,  some  phenyl  ester  chloride  was  dissolved  in 
ether,  and  to  this  was  added  a  solution  of  aniline  in  ether. 
The  reaction  was  very  slow.  Only  the  anil  in  small  quantity 
was  formed. 

1  This  Journal,  17,  311. 
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,COOC,H, 


\«n  PI 


^S0,C1 


CeH,<         >N.C.H,  +  C«H,OH  +  HCl. 


An  attempt  was  made  to  prepare  the  compound 
/COOC.H^ 

^SO.CeH, 

from  the  ester  chloride  by  means  of  the  reaction  of  Friedel  and 
Crafts,  but  the  attempt  was  unsuccessful. 

Five  grams  of  the  substance  were  placed  in  a  small  flask 
connected  with  an  inverted  condenser  and  boiled  with  abso- 
lute alcohol  for  twelve  hours.  The  alcohol  was  distilled  off 
and  the  residue  heated  on  the  water-bath  to  expel  the  last 
traces  of  hydrochloric  acid.  This  residue  had  a  strong  odor 
of  phenol.  A  small  quantity  of  water  was  added  and  the  solu- 
tion neutralized  with  barium  carbonate.  The  filtrate  from  the 
excess  of  the  carbonate  was  evaporated  to  a  small  volume  and 
a  few  cubic  centimeters  of  alcohol  added.  On  standing,  very 
fine  needles  separated  out.  These  were  filtered  oflf,  washed 
with  alcohol,  and  dried.  Analysis  gave  the  following  re- 
sults : 

I.  0.3906  gram  substance  lost  0.0044  gram  when  heated  to 
150°. 

II.  0.1035  gram  substance  gave  0.0500  gram  BaSO^. 

III.  0.3239  gram  substance  gave  0.1557  gram  BaSO^. 

IV.  0.2437  gram  substance  gave  0.1171  gram  BaSO^. 

Found. 
Calculated  for  I.  II.  III. 

Ba  28.42  28.29  28.28 

This  substance  was  not  fully  identified  and  needs  further  in- 
vestigation. 

Action  of  Phenol  in  the  Presence  of  Dilute  Potassium  Hy- 
droxide.— As  was  mentioned  in  a  previous  part  of  this  paper, 
when  the  attempt  is  made  to  saponify  the  orthosulphone  chlo- 
ride of  phenyl  benzoate  with  alkalies,  the  reaction  is  always 
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accompanied  by  the  formation  of  diphenyl  ester  of  orthosul- 
phobenzoic  acid.     This  suggested  the  following  experiments  : 

One  gram  of  the  orthosulphone  chloride  of  phenyl  benzoate 
was  boiled  with  an  excess  of  phenol  and  dilute  potassium  hy- 
droxide. In  a  short  time  the  oily  mass  first  formed  solidified. 
This  was  filtered  off  and  crystallized  from  alcohol.  Needles 
of  the  diphenyl  ester  separated  and  this  was  the  sole  product. 
The  reaction  was  smooth  and  rapid. 

One  gram  each  of  the  symmetrical  and  unsymmetrical  chlo- 
rides were  treated  with  phenol  and  the  smallest  possible  ex- 
cess of  dilute  potassium  hydroxide  in  the  cold.  The  viscous 
masses  first  formed  were  stirred  until  they  solidified.  On 
crystallization  from  glacial  acetic  acid  it  was  found  that  noth- 
ing but  the  diphenyl  ester  was  formed  from  the  symmetrical 
chloride,  but  both  diphenyl  ester  and  the  orthosulphone  chlo- 
ride of  phenyl  benzoate  were  formed  from  the  unsymmetrical, 
the  latter  in  larger  quantity  than  the  former.  When  care  is 
taken  to  keep  the  temperature  low,  the  phenyl  ester  chloride 
can  be  obtained  in  nearly  pure  condition  by  means  of  this  re- 
action. It  is  a  convenient  and  rapid  method  for  preparing  all 
the  members  of  this  class  of  compounds.  When  the  method 
of  heating  the  chlorides  with  phenol  is  employed  the  process 
is  long  and  coloring-matters  are  formed  at  the  same  time  that 
are  extremely  difficult  to  remove.  All  this  is  avoided  by  the 
method  just  described. 

When  the  temperature  is  allowed  to  rise  during  this  reac- 
tion the  diphenyl  ester  alone  is  formed. 

Action  of  the  Cresols  on  the  Chlorides  of  Orthostilphobeyizoic 
Acid. — One  gram  each  of  the  symmetrical  and  unsymmetrical 
chlorides  were  heated  with  i  gram  of  orthocresol  at  60°  to  65° 
for  two  days.  This  was  the  lowest  temperature  at  which  a 
fairly  good  reaction  would  take  place.  Even  at  this  tem- 
perature it  was  necessary  to  heat  for  two  days  to  obtain  a  good 
yield.  Coloring-matter  was  formed  in  large  quantity  with  each 
chloride  and  was  very  hard  to  remove.  The  solid  product  was 
crystallized  from  glacial  acetic  acid.  From  the  symmetrical 
chloride  nothing  definite  could  be  isolated.  From  the  unsym- 
metrical the  orthosulphone  chloride  of  orthocresyl  benzoate 
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was  obtained.  This  crystallizes  in  rhomb-like  forms  and 
melts  at  112°.  The  substance  was  analyzed  with  the  follow- 
ing results  : 

I,  0.2513  gram  substance  gave  0.1133  gram  AgCl. 

II.  0.2360  gram  substance  gave  0.1112  gram  AgCl. 

III.  0.2994  gram  substance  gave  0,2281  gram  BaSO^. 

Calculated  for  Found. 

/COOC7H7 
CsHZ  .  I.  II. 

\sO2Cl 

CI  II. 41  II. 15  11.64 

S  10.32  10.46  .... 

When  the  chlorides  were  treated  with  orthocresol  and  di- 
lute potassium  hydroxide  the  unsymmetrical  goes  over  easily 
into  the  orthosulphone  chloride  of  orthocresyl  benzoate.  The 
symmetrical  is  decomposed  by  the  alkali  without  the  forma- 
tion of  this  substance  or  the  diorthocresyl  ester  to  any  consid- 
erable extent.  Only  a  few  crystals  of  the  latter  were  ob- 
tained. These  had  the  form  of  needles,  resembling  somewhat 
the  crystals  of  the  diphenyl  ester  (m.  p,  141°).  ThediflSculty 
encountered  in  the  formation  of  this  ester  must  be  due  to  the 
protective  influence  of  the  group  in  the  ortho  position.  The 
diphenyl  ester  is  formed  with  the  greatest  ease  by  this  method, 
and  the  diparacresyl  ester  is  also  obtained  without  trouble. 

The  orthosulphone  chloride  of  paracresyl  benzoate  is  ob- 
tained by  heating  the  unsymmetrical  chloride  with  paracresol, 
or  by  treating  it  with  paracresol  and  dilute  potassium  hy- 
droxide. Some  diparacresyl  ester  is  obtained  at  the  same 
time  if  the  temperature  in  either  case  is  high.  The  symmet- 
rical chloride,  under  the  same  treatment,  yields  diparacresyl 
ester. 


ON    REI.ATIONS     BETWEEN     THE    COI.OR     AND 

THE    COMPOSITION    AND    CONSTITUTION 

OF    THE    AI.KALI    SALTS    OF    THE 

NITROPHENOI.S. 

By  J.  C.  W.  Frazer. 

The  alkali  salts  of  the  nitrophenols,  so  far  as  they  have 
been  made,  show  quite  a  wide  variation  in  color,  and  this 
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difference  of  color  lias  been  studied  by  Carnelly  and  Alexan- 
der^ in  the  case  of  the  sodium  and  potassium  salts  of 
ortho-  and  paranitrophenol.  Since  this  work  of  Carnelly  and 
Alexander  the  subject  has  not  been  further  investigated  and 
in  some  cases,  notably  in  the  case  of  metanitrophenol,  the 
number  of  salts  is  extremely  small.  In  none  of  them  has 
either  the  rubidium  or  caesium  salt  been  made. 

At  the  suggestion  of  Professor  Remsen  I  have  prepared  the 
sodium,  potassium,  rubidium,  and  caesium  salts  of  the  three 
nitrophenols,  the  object  being  to  see  if  any  connection  be- 
tween their  color  and  composition  could  be  discovered.  The 
salts  of  these  metals  were  chosen  as  furnishing  the  best  series 
for  such  a  study.  Of  metanitrophenol  only  the  potassium  salt 
is  recorded.  As  the  work  progressed,  1:2:3  nitrocresol  was 
included  in  the  list  of  substances  whose  salts  were  made  and 
analyzed. 

Ortho-  and  paranitrophenol  were  made  in  the  usual  way  by 
treatment  of  phenol  with  nitric  acid,  and  after  separating  the 
oily  layer  from  the  acid  the  orthonitrophenol  is  distilled  off 
with  a  current  of  steam.  As  the  orthonitrophenol  comes  over 
in  this  operation  it  is  sufl&ciently  pure  for  use.  The  parani- 
trophenol is  extracted  from  the  tarry  mass  by  hot,  strong  hy- 
drochloric acid,  and  this  solution  boiled  with  animal  charcoal. 
It  is  obtained  perfectly  pure  by  several  recrystallizations  in 
this  manner. 

Metanitrophenol  was  obtained  from  metanitraniline  by  first 
diazotizing  and  boiling  the  resulting  diazo  compound  with 
dilute  sulphuric  acid,  and  then  extracting  this  solution  with 
ether.  During  this  operation  the  directions  of  Bantliu'  were 
followed.  By  recrystallizing  from  strong  hydrochloric  acid, 
as  in  the  case  of  paranitrophenol,  the  substance  is  obtained 
pure. 

In  making  the  1:2: 3-nitrocresol,  orthotoluidine  is  the 
starting-point.  From  this,  orthocresol  was  made.  By  treat- 
ment of  the  orthocresol  with  nitric  acid  in  acetic  acid  solution, 
action  takes  place  at  once,^  and  after  standing  a  short  while 

1  J.  Chem.  Soc,  4,  64. 

a  Ber.  d.  chem.  Ges.,  11,  2099. 

» Ibid.,  14,  567. 


Alkali  Salts  of  the  Nitrophenoh.  311 

the  whole  is  poured  into  water.  A  brownish-red  substance 
separates  out,  and  from  this,  by  distillation  with  steam,  the 
1:2:  3-nitrocresol  passes  over  while  the  1:2:  5-nitrocresol, 
which  is  formed  at  the  same  time,  is  left  behind.  In  this  con- 
dition the  substance  is  not  quite  pure  enough  for  use,  but  it 
can  be  obtained  pure  by  recrystallizing  from  dilute  alcohol. 
It  then  melted  sharply  at  69°. 5. 

The  preparation  of  the  nitrophenolates  is  a  simple  matter 
as  they  can  be  obtained  from  either  the  carbonates  or  the  hy- 
droxides. In  making  the  nitrocresolates  it  is  best  to  use  the 
hydroxide  of  the  metal,  as  the  substance  is  such  a  weak  acid 
that  it  is  necessary  to  heat  for  some  time  to  drive  out  carbon 
dioxide  completely  from  carbonates,  and  this  is  objectionable 
on  account  of  the  volatility  of  the  nitrocresol  with  water  vapor. 

Some  of  these  salts  are  obtained  in  pure  state  only  with 
difficulty.  This  was  found  to  be  true  of  sodium  and  caesium 
orthonitrophenolate  and  of  some  of  the  hitrocresolates.  This 
is  probably  due  to  the  fact  that  the  salt  in  solution  undergoes 
slight  decomposition  while  evaporating,  and  some  of  the  nitro- 
phenol  or  nitrocresol  separates  with  the  salt.  That  slight  de- 
compositions do  take  place  in  solutions  of  these  salts  is  indica- 
ted by  the  fact  that  the  odor  of  orthonitrophenol  and  nitro- 
cresol can  be  observed  when  the  solutions  have  stood  for  any 
length  of  time.  The  dry  salts  too  undergo  very  slow  decom- 
position, the  orthonitrophenol  and  nitrocresol  escaping  and 
the  substance  turning  white.  This  may  be  due  to  the  ten- 
dency of  the  carbon  dioxide  of  the  atmosphere  to  convert  the 
substances  into  carbonates. 

In  order  to  purify  those  salts  which  separated  in  slightly 
impure  condition,  the  following  method  was  adopted  :  The 
salt  was  treated  in  the  cold  with  strong  alcohol  to  free  it  from 
any  excess  of  the  nitrophenol  or  nitrocresol.  It  was  then  dis- 
solved in  hot  alcohol,  which  would  leave  behind  any  excess 
of  carbonate.  The  salt  thus  extracted  was  recrystallized  from 
water.  The  analysis  was  made  as  soon  as  possible,  because 
of  the  fact  that  some  of  the  salts  undergo  slight  decomposition 
on  long  standing,  even  when  in  tightly-corked  bottles,  as  in- 
dicated by  the  odor. 
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The  water  of  crystallization  was  not  determined,  as  in  some 
cases  decomposition  was  found  to  take  place.  The  metal  was 
determined  as  sulphate  and  the  formula  deduced  from  these 
results. 

Orthonitrophenolaies . 

Sodium  Orthonitrophenolate . — With  this  salt  concordant  re- 
sults could  not  be  obtained  till  the  method  of  purification  out- 
lined above  was  applied.  Analyses  made  with  each  sample 
were  concordant  but  varied  with  the  sample  used.  This  is 
shown  by  the  following  analyses  : 


Amount  of  substance 
taken. 
Gram. 

Na2S04  found. 
Gram. 

Na  found. 
Per  cent. 

0.5284 
0.7593 

0.2178 
O.3I16 

13.35 
13.26 

0.5189 
0.5224 
0.5768 
0.3283 

0.2250 
0.2246 
0.2348 
0.1388 

14.04 
13.94 
13.22 
12.90 

0.4749 

0.1976 

13.47 

I.O314 
1.4349 

0.4429 
O.6115 

13.90 
13.80 

0.8945 
0.9554 

0.3194 
0.3389 

14.0 
13.94 

Six  different  samples  were  made,  and  in  the  analyses  above 
recorded  the  first  and  second  were  of  one  of  these  samples, 
the  third  and  fourth  of  another,  the  fifth  and  sixth  of  another, 
the  seventh  of  another,  the  eighth  and  ninth  of  another,  the 
tenth  and  eleventh  of  another,  and  in  all  of  them  the  percent- 
age of  sodium  is  too  small  for  the  anhydrous  salt.  By  purify- 
ing the  salt  by  the  method  above  the  following  results  were 
obtained  : 


Amount  of  substance.    NasSOt  found. 

Na  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.3805 

0.1679 

14.29 

14.28 

O.35II 

0.1537 

14.18 

/NO, 

•  *  •  • 

This  agrees 

with  the  formula  QH/ 

The    salt  crys- 

^ONa 
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tallizes,    as   is  well   known,    in   large,    splendid,  scarlet-red 
needles,  often  as  much  as  2  cm.  in  length. 

Potassium  Orthonitrophenolate.. — It  is  not  as  difl&cult  to  ob- 
tain this  salt  pure  as  it  is  to  obtain  the  sodium  salt  above.  It 
crystallizes  from  water  solution  in  large,  orange-red  plates, 
often  as  much  as  a  centimeter  in  length,  or  in  orange-red 
needles  which  have  been  obtained  as  much  as  3  cm.  long. 
This  salt  has  been  made  and  analyzed  by  Fritzsche,'  who, 
from  his  analysis,  assigned  to  it  the  formula 

/NO, 

\0K 

and  later  was  made  by  Post  and  Mehrtens,*  who  gave  it  the 

/NO, 
formula  CgHX  .H,0.     The  analyses  of  this  salt  made  by 

\0K 
myself  agree  with  the  formula  first  given  it  by  Fritzsche,  as 
will  be  seen  : 


Amount  of  salt  take 

n.      K2SO4  found. 

K  found. 

Calculated. 

Grams. 

Gram. 

Per  cent. 

Per  cent. 

1-1583 

0.5387 

20.86 

20.96 

1-1251 

0.5230 

20.83 

.... 

Rubidium  Orthonitrophenolate. — This  salt  has  not  been  de- 
scribed. It  crystallizes  from  water  in  large,  beautiful  plates 
resembling  very  much  the  corresponding  potassium  salt 
above,  except  that  it  is  slightly  lighter  in  color  than  this  salt. 
It  crystallizes  well  in  orange-yellow  crystals,  which  have  a 
composition  analogous  to  the  corresponding  potassium  salt. 

/NO, 
It  is  to  be  represented  by  the  formula  CgHX  .iH,0. 

^ORb 


Amount  of  substance 
taken. 
Gram. 

Rb2S04  found 
Gram. 

Rb  found. 
Per  cent. 

Calculated. 
Per  cent. 

0.4010 
0.4563 

0.2297 
O.261I 

36.67 
36.62 

36.74 

As  will  be  seen 

later,  this 

is 

the 

usual 

form 

in  which  the 

1  Ann.  Chem.  (Liebig),  no,  153. 
•  Ber.  d.  chem.  Ges.,  8,  1552. 
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salt  crystallizes,  but  not  the  only  one.  There  is  another 
variety  of  this  salt  and  the  passage  of  this  last  into  the  more 
common  variety  is  an  interesting  one.  Of  this  I  shall  speak 
more  fully  later  on. 

Caesium  Orthonitrophenolate . — This  salt  has  not  been  pre- 
viously described.  It  is  very  soluble  in  water  but  crystallizes 
from  this  strong  solution  in  large  crystals,  having  in  this  re- 
spect the  tendency,  shown  by  the  orthonitrophenolates  above, 
of  crystallizing  well.  It  can  be  obtained  pure  only  with  diflSi- 
culty.  The  two  following  analyses,  made  with  different  sam- 
ples, show  this  : 

Amount  of  salt  taken.  CS2SO4  found.  Cs  found. 

Gram.  Gram.  Per  cent. 

0.4341  0.2782                                       47.06 

0.2992  O.I93I                                        47.43 

On  purification  by  the  method  adopted  above,  the  following 
results  were  obtained  : 

Amount  of  salt  taken.      CS2SO4  found.  Cs  found.  Calculated. 

Gram.  Gram.  Per  cent.  Per  cent. 

0.2990         0.1994         48.99         49-07 
0.2829         0.1890         49-09  •••• 

This  salt  differs  in  crystalline  form  from  the  other  ortho- 
nitrophenolates above  described.  It  crystallizes  neither  in 
needles  nor  in  plates,  but  in  thick,  massive  crystals  of  a  dark 
scarlet-red  color,  resembling  sodium  orthonitrophenolate.  By 
reflected  light  the  crystal  faces  show  a  slightly  greenish  color. 

In  this  series  of  four  orthonitrophenolates,  two  crystallize 
without  water  of  crystallization  and  two  with  0.5  molecule  of 
water  each.  The  first  two,  sodium  and  caesium  orthonitro- 
phenolates have,  so  far  as  I  have  ever  noticed,  no  tendency  to 
crystallize  with  water  of  crystallization.  On  the  other  hand,  it 
has  been  found  possible  to  crystallize  potassium  and  rubidium 
orthonitrophenolate  without  water  of  crystallization.  Fritzsche 
had  early  remarked  on  the  difference  in  color  between  sodium 
and  potassium  orthonitrophenolate,  and  had  actually  tried  to 
obtain  the  potassium  salt  in  the  dark-red  variety  corresponding 
to  the  sodium  salt.  He  tried  to  do  this  by  crystallizing  the 
salt  from  alcohol,  but  found  that  even  from  absolute  alcohol 
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the  salt  crystallized  in  the  lighter  form  and  still  contained  0.5 
molecule  of  water  of  crystallization. 

On  crystallizing  the  rubidium  salt  from  water  it  was  ob- 
served that  at  times  it  would  crystallize  out  in  dark-red 
needles,  resembling  the  sodium  salt  very  much,  though  it  was 
not  quite  so  dark  as  the  latter.  On  setting  the  beaker  down, 
the  salt  in  contact  with  the  mother-liquor  began  to  change  to 
the  lighter,  ordinary  variety  of  the  salt.  On  dissolving  the 
salt  by  warming  the  solution,  it  came  down  again  in  the  dark 
variety.  But  it  was  found  that  the  salt  in  this  form  had  such 
a  tendency  to  pass  over  into  the  lighter  variety  as  to  make  it 
impossible  to  filter  it  off  and  obtain  it  in  dry  condition.  Whan 
slightly  disturbed  by  touching  it  with  a  stirring  rod,  the 
change  begins  at  the  point  of  disturbance  and  passes  over  the 
whole  mass  of  crystals.  Further,  the  change  can  be  brought 
about  by  sprinkling  a  small  amount  of  the  lighter  crystals  on 
the  red  crystals  when  they  have  separated  out  from  the  solu- 
tion. By  considering  the  colors  of  the  orthonitrophenolates 
described  above  we  might  suppose  this  darker  variety  of  the 
rubidium  salt  to  be  anhydrous  like  the  sodium  and  caesium 
salts,  which  it  resembles  in  color,  the  change  of  color  being 
brought  about  by  the  change  of  the  salt  to  the  hydrated  con- 
dition, which  is  the  usual  condition  in  which  it  separates  from 
water  solution. 

In  order  to  obtain  the  salt  in  pure  condition  then,  if  this 
were  true,  it  would  be  necessary  to  exclude  water  from  the 
solvent  used.  For  this  purpose  absolute  alcohol  was  chosen 
as  the  best  solvent.  Crystallization  was  effected  from  absolute 
alcohol,  but  as  the  time  for  evaporation  at  ordinary  tempera- 
ture is  so  great  that  the  substance  begins  to  change  because 
of  absorbing  atmospheric  moisture,  the  evaporation  was  has- 
tened by  keeping  the  solution  warm.  Under  these  conditions 
the  salt  crystallizes  out  in  red  needles,  lighter  in  color  than 
sodium  orthonitrophenolate  but  much  darker  than  the  com- 
mon variety  of  rubidium  orthonitrophenolate.     The  salt  has 

.NO, 
the  formula  CjHa  ,  as  seen  from  the  following  analysis  : 

^ORb 
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Amount  of  salt  taken. 

RbjSO^  found. 

Rb  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.2331 

0.1397 

38.39 

38.23 

That  the  increased  temperature  can  have  nothing  to  do 
with  the  change  of  color  is  shown  by  the  fact  that  the  same 
result  can  be  obtained  without  the  aid  of  heat,  by  simply 
causing  the  evaporation  to  take  place  in  a  dry  atmosphere. 

I  have  obtained  sodium,  rubidium,  and  caesium  orthonitro- 
phenolates  in  the  dark-red  variety.  The  potassium  salt 
alone,  of  those  investigated  here,  remains  and  under  ordinary 
circumstances  shows  no  tendency  to  crystallize  in  the  darker 
variety.  It  was  this  salt  which  Fritzsche^  had  tried  to  crystal- 
lize in  the  darker  variety.  For  this  purpose  he  crystallized  it 
from  absolute  alcohol  and  presumably  in  an  open  vessel.  He 
found  that  the  substance  always  crystallized  in  the  lighter 
variety  and  always  contained  0.5  molecule  of  water. 

In  using  the  same  solvent  as  Fritzsche  had  used,  it  was  soon 
found  that  alcohol  simply  distilled  over  quicklime  still  con- 
tained enough  water  to  transform  the  salt,  at  least  to  some 
extent,  into  the  hydrate,  so  that  alcohol  which  had  been 
distilled  over  sodium  was  used.  Some  potassium  orthonitro- 
phenolate  was  dehydrated  by  heating  in  an  air-bath  to  120", 
dissolved  in  hot,  absolute  alcohol,  and  quickly  filtered  into 
an  Erlenmeyer  flask  while  still  hot.  The  flask  and  its  con- 
tents were  kept  almost  at  its  boiling-point,  and  air,  dried  by 
passing  through  two  wash-bottles  containing  sulphuric  acid, 
was  drawn  through  the  flask.  The  crystals  which  separated 
at  first  were  red  and  very  much  like  the  darker  rubidium  salt 
above.  As  evaporation  went  on  the  crystals,  which  had  sepa- 
rated, began  to  turn  lighter,  and  before  evaporation  was  com- 
plete, only  the  yellow  variety  remained.  The  red  variety  of 
this  salt  was  not  obtained  pure  until  evaporation  of  the  solu- 
tion was  effected  in  a  current  of  air  dried  over  phosphorus 
pentoxide.  Under  these  circumstances,  the  salt  crystallizes 
from  absolute  alcohol  in  small,  red  needles,  similar  in  appear- 
ance to  the  rubidium  salt  obtained  in  a  similar  manner.  The 
remarkable  fact  brought  out  by  this  experiment  is  that  this 

1  Ann.  Chem.  (I^iebig),  no,  153. 
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salt  has  the  power  to  take  up  water  from  air  dried  over  sul- 
phuric acid.  It  was  found  by  analysis  to  be  the  anhydrous 
salt  as  seen  below  : 

Amount  of  salt  taken.     Rb2S04  found.  Rb  found.  Calculated. 

Gram.  Gram.  Per  cent.  Per  cent. 

0.1915  0.0935  21.88  22.00 

Metanitrophenolates. 

Sodium  Metanitrophenolate. — This  salt  crystallizes  in  rather 
small  needles  of  an  orange-red  color,  resembling  somewhat 
potassium  orthonitrophenolate.  It  was  found  on  analysis  to 
have  the  composition  represented  by  the  formula 

.NO, 


'^ONa 


as  seen  below. 


Amount  of  salt  taken.     NaoS04  found.  Na  found.  Calculated. 

Gram.  Gram.  Per  cent.  Per  cent. 

0.2190  0.0771  II. 41  II. 6 

Potassium  Metanitrophenolate. — This  salt,  like  sodium  meta- 
nitrophenolate, crystallizes  in  small,  needle-shaped  crystals 
but  are  much  lighter  in  color  than  the  latter.  They  are 
orange-yellow.     On  analysis  it  was  found  to  have  the  compo- 

/NO, 
sition  represented  by  the  formula  CgH/  .HjO.     Post  and 

^OK 
/NO, 
Mehrtens  give  it  the  formula  CgH^C^  .2HjO. 

\0K 

Amount  of  sub- 
stance taken.  K2SO4  found.  K  found.  Calculated. 
Gram.  Gram.  Per  cent.  Per  cent. 
0.3206  0.1206  16.89  16.88 
0.2793  0.1059  17.03  

Rubidium  Metanitrophenolate. — Two  salts  of  rubidium  with 
metanitrophenol  have  been  isolated,  one  the  neutral  salt,  the 
other  an  acid  salt.  The  difference  in  color  between  these  two 
substances  is  very  marked  and  is  suggestive  of  the  difference 
in  color  observed  in  the  two  forms  of  rubidium  orthonitro- 

1  Ber.  d.  chem.  Ges.,  8,  1552. 
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phenolate  above.     But  the  difierence  here  is  due  to  another 
cause. 

The  lighter  of  the  two  is  the  neutral  salt  which  was  shown 

/NO, 
by  analysis  to  have  the  formula  C^HX  •      It  crystallizes 

\ORb 
in  small,  yellow,  needle-shaped  crystals.     Its  analysis  gave 
the  following  results : 


Amount  of  sub- 

stance taken. 

Rb2S04  found. 

Rb  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.3459  0.2065  38.27  38.2 

The  acid  salt  mentioned  above  crystallizes  in  clusters  of 
well-formed,  needle-shaped  crystals,  radiating  from  a  common 
point.  They  are  of  brownish-red  color  by  transmitted  light 
and  brown  by  reflected  light,  and  have  the  composition  repre- 
sented by  the  formula 

/NO,  .NO, 

CeH,/  +  C,H  /        . 

\ORb  ^OH 

The  analysis  gave  the  following  results  : 

Amount  of  salt  taken.      Rb2S04  found.  Rb  found.  Calculated. 

Gram.  Gram.  Per  cent.  Per  cent. 

0.4031  0.1485  23.58  23.5 

Caesium  Metanitrophenolate . — This  salt  crystallizes  in  beau- 
tiful, almost  blood-red  crystals,  which  resemble  caesium  ortho- 
nitrophenolate  in  color,  but  the  color  is  clearer  and  a  more 
brilliant  red.  It  is,  like  one  of  the  rubidium  salts  above,  an 
acid  salt,  having  the  composition  represented  by  the  formula 

NO,  /NO, 

-f-  CjH/  ,  as  seen  from  the  following  ana- 

OCs  \0H 


'6^4^^ 


lytical  results  : 

Amount  of  salt  taken. 

CS2SO4  found. 

Cs  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.2854  0.I26I  32.46  32.4 

Paranitrophenolates . 
Sodium   Paranitrophenolate , — This    salt    crystallizes    from 
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water  in  large,  lemon-yellow  prisms,  which  on  standing  ex- 
posed for  even  a  short  time  lose  their  transparency  and  be- 
come opaque  without  any  noticeable  change  of  color.  This 
change  has  been  studied  and  found,  as  was  to  be  expected, 
to  be  due  to  loss  of  water  of  crystallization.  As  the  salt  first 
crystallizes,  it  contains  4  molecules  of  water  of  crystallization, 
and  on  standing  exposed  to  the  air  two  of  these  are  given  off. 
Potassium  Paranitrophenolate . — This  salt  differs  from  the 
others  by  its  lack  of  crystallizing  power.  On  evaporating 
slowly  it  was  found  to  come  down  as  a  lemon-yellow,  crystal- 
line powder.     On  analysis  it  was  found  to  have  the  composi- 

/NO, 
tion  represented  by  the  formula  CgH/  .H,0. 


\, 


OK 


Amount  of  salt  taken. 

K2SO4  found. 

K  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.2592 

O.II72 

20.26 

20.0 

0.2323 

0.1052 

20.29 

.... 

This  salt  has  been  made  and  analyzed  by  Post  and  Mehr- 
tens,^  who  found  it  to  have  the  composition 

/NO, 
C,h/         .2H,0. 
\0K 

Rubidium  Paranitrophenolate. — This   salt  crystallizes  from 
water  in  large,  bright-yellow  scales  having  the  composition 

/NO, 

qh/       .h,o. 

^ORb 


nt  of  salt  taken. 

Rb2S04  found. 

Rb  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.21II 

O.I161 

35.2 

35-3 

0.2277 

0.1250 

35-14 

.... 

Rubidium  paranitrophenolate  crystallizes  from  water  in 
beautiful,  well-formed,  yellow  needles,  which,  when  filtered 
off,  begin  to  break  up  at  once  into  small  parts,  a  change  which 
may  probably  be  due  to  loss  of  water  of  crystallization,  as  in 
the  case  of  sodium  paranitrophenolate.     The  rapidity  of  the 

1  Ber.  d.  chem.  Ges.,  8,  1552. 
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change  made  it  impossible  to  obtain  the  substance  in  a  state 
of  sufl&cient  purity  for  analysis. 

Caesium  Paraniirophefiolate . — This  salt  crystallizes  in  large, 
lemon-yellow  plates  having  the  composition 

/NO, 
CeH,/  .3H,0. 

^OCs 

Amount  of  salt  taken.  CS2SO4  found.  Cs  found.  Calculated. 

Gram.  Gram.  Per  cent.  Per  cent. 

0.2234  0.1240  40.78  40.9 

0.3371  0.1872  40.81  .... 

1:2:  ^-Nitrocresolates. 

Nitrocresol  is  a  weaker  acid  than  the  nitrophenols,  and,  be- 
ing a  volatile  substance,  its  salts  are  more  easily  decomposed, 
and  it  is  harder  to  obtain  them  pure.  This  seemed  especially 
true  of  the  caesium  salt,  solutions  of  which,  when  left  to  evapo- 
rate, underwent  continuous  decomposition  with  separation  of 
nitrocresol.  This  may  have  been  caused  by  the  slow  and  con- 
tinuous action  of  carbon  dioxide  of  the  atmosphere,  the  odor 
of  nitrocresol  being  always  noticeable  from  solutions  of  its 
salts.  On  account  of  the  weak  acid  properties  of  nitrocresol 
its  salts  are  made  from  the  hydroxides  of  the  metals,  and  the 
purification  of  the  salts  is  the  same  as  in  the  case  of  the  nitro- 
phenolates. 

Sodium  Nitrocresolaie . — This  salt  crystallizes  from  water 
solution  in  small,  light-red  needles,  having  the  composition 
given  by  the  formula  C6H3(NO,)CH,.ONa.2H,0. 

Amount  of  salt  taken.  Na2S04  found.  Na  found.  Calculated. 

Gram.                          Gram.  Per  cent.  Per  cent. 

0.4165                      0.1398                       10.85  10.90 

0.3672                      0.1243                       10.90  .... 

Potassium  Nitrocresolaie. — This  salt  crystallizes  in  light- 
red  scales,  resembling  the  sodium  salt  above.  Its  color  is 
slightly  lighter,  and  it  has  the  composition  represented  by  the 
formula  C,H,(CH,)(NO,)0^.|H,0. 


Qt  of  salt  taken. 

Rb2S04  found. 

Rb  found. 

Calculated. 

Gram. 

Gram. 

Per  cent. 

Per  cent. 

0.1752 

0.0760 

19-45 

19-5 

0.3233 

O.I413 

19.66 

.... 
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Rubidium  Nitrocresolate. — This  salt  crystallizes  in  beautiful, 
cherry-red  scales  having  a  very  high  luster.  By  slow  evapo- 
ration the  salt  is  deposited  in  well-formed,  monoclinic,  dia- 
mond-shaped crystals  of  dark,  cherry-red  color.  It  has  the 
composition  C6H3(CH3)  (NOj)ORb.HjO. 

Amount  of  salt  taken.      Rb2S04  found.  Rb  found.  Calculated. 

Gram.  Gram.  Percent.  Percent. 

0.2127  O.II22  33.59  33.4 

Caesium  nitrocresolate  was  made  but,  as  has  been  stated 
above,  at  each  recrystallization  partial  separation  of  the  nitro- 
cresol  took  place  so  that  the  salt  was  not  obtained  pure 
enough  for  analysis.  For  some  reason  this  salt  was  more  un- 
stable than  the  others.  It  is,  however,  of  a  red  color,  resem- 
bling sodium  nitrocresolate  in  this  respect. 

The  conductivity  of  ortho-  and  paranitrophenol  has  been 
determined  by  Hantzsch,^  who  gives  the  following  tables  : 

Paranitrophenol  {at  2^°).  Orthonitrophenol  {at  2^°). 


V. 

Per  cent. 

V. 

Per  cent. 

64 

0.89 

128 

1. 13 

128 

1.28 

256 

1-52 

256 

1.79 

512 

2.17 

512 

2.53 

1024 

3-14 

These  results  differ  considerably  from  those  of  Bader,"  who 
found  numbers  considerably  greater  than  these. 

The  determinations  of  my  own,  below,  differ  somewhat  from 
those  of  Hantzsch  and  Schiimann,  but  all  of  the  three  sets  of 
determinations  agree  fairly  well  for  a  substance  of  such  low 
conductivity,  and  they  all  show  that  orthonitrophenol  is  a 
slightly  weaker  acid  than  paranitrophenol,  while  metanitro- 
phenol  is  a  somewhat  stronger  acid  than  paranitrophenol. 

Paranitrophenol  Meianitrophenol  Orthonitrophenol 

{at2f).  {at2s°).  {ai2s^). 

V.  }^V.  V.  /**.  V.  f^v. 

Per  cent.  Per  cent.  Per  cent. 

32              0.924                      32  1. 18  128               1.02 

64               I. 201                       64  1.20  256               1.85 

128               1.567                    128  1.52  512               2.38 

256               1.752                    256  2.01  1024              3.77 

'  Ber.  d.  chem.  Ges.,  3a,  3066. 

«  Ztschr.  phys.  Chem.,  6,  289.  . 
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From  my  own  determinations,  meta-  and  paranitrophenol 
are  dissociated  to  about  the  same  extent,  while  both  are  dis- 
sociated somewhat  more  than  orthonitrophenol. 

The  absorption  spectra  of  some  of  the  salts  of  ortho-  and 
paranitrophenol  were  examined  but  nothing  of  any  apparent 
value  was  found.  When  in  concentrated  solution  these  sub- 
stances were  found  to  absorb  all  the  violet  end  of  the  spec- 
trum, even  down  through  the  yellow  in  the  case  of  orthonitro- 
phenolates.  On  diluting,  more  and  more  of  the  violet  end  of 
the  spectrum  was  transmitted  until,  at  great  dilutions,  only  a 
diminution  of  the  intensity  of  the  violet  end  was  noticed, 
without,  at  any  time,  a  tendency  to  show  a  banded  spectrum. 
The  only  difference  in  the  case  of  solutions  of  paranitro- 
phenolates  is  that  the  light  is  not  absorbed  so  far  down  towards 
the  red  end  of  the  spectrum  as  is  the  case  with  the  same  di- 
lution of  an  orthonitrophenolate. 

Carnelly  and  Alexander^  have  found  : 

(i)  That  without  exception  the  color  passes  toward  the  red 
end  of  the  spectrum  as  the  temperature  rises. 

(2)  That  the  color  of  the  ortho  compound  is  nearer  the  red 
end  than  the  corresponding  para  compound.  Para  com- 
pounds have  a  higher  melting-point  than  ortho  compounds. 
The  latter  he  concludes  from  this  to  be  at  a  relatively  higher 
temperature  and  according  to  this  should  have  a  color  nearer 
the  red  end  of  the  chromatic  scale  than  the  higher  melting, 
para  compound,  which  accords  with  the  first  conclusion  above. 

(3)  By  a  comparison  of  the  nitrophenolates  of  the  same 
sub-group  the  color  passes  toward  the  red  end  as  the  atomic 
weight  increases. 

(4)  The  color  passes  toward  the  red  end  of  the  chromatic 
scale  as  the  amount  of  water  decreases. 

Summary. 

(i)  Speaking  in  a  general  way  concerning  the  color  of  the 
salts  described  above  of  the  three  classes  of  nitrophenolates, 
it  may  be  said  that  the  orthonitrophenolates  possess  a  color 
that  is  nearest  the  red  end  of  the  chromatic  scale,  while  the 
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metanitrophenolates  come  next,  and  the  paranitrophenolates 
are  furthest  removed  from  the  red  end. 

(2)  There  is  a  gradation  of  color  in  the  case  of  each  series 
of  nitrophenolates  above,  and  in  the  direction  pointed  out  in 
the  third  conclusion  of  Caruelly  and  Alexander  above,  that  is, 
the  color  growing  lighter  in  each  series  as  the  atomic  weight 
of  the  metal  increases.  This,  however,  is  not  very  noticeable 
in  the  paranitrophenolates  as  only  little  difference  of  color  is 
observed  in  passing  from  one  salt  to  the  other  in  the  series. 

(3)  In  the  same  way,  water  of  crystallization  causes  little 
change  of  color  in  the  paranitrophenolates,  while  the  change 
of  color  due  to  water  of  crystallization  is  greatest  in  the  case 
of  the  orthonitrophenolates,  and  next  in  order  in  this  respect 
come  the  metanitrophenolates. 

(4)  Paranitrophenol  and  metanitrophenol  have  the  power 
of  forming  acid  salts,  while  orthonitrophenol  has  not  been 
found  to  have  this  power. 

(5)  The  orthonitrophenolates  above  described  are  all  red 
when  dehydrated.  This  is  also  true  of  the  metanitropheno- 
lates though  these  are  lighter  than  the  orthonitrophenolates. 

(6)  Paranitrophenolates,  with  the  exception  of  the  sodium 
salt,  are  yellow  when  anhydrous  and  cold.  The  sodium  salt 
is  reddish. 

(7)  The  nitrocresolates  are  all  red,  though  not  as  dark  as 
the  orthonitrophenolates.  In  the  case  of  the  nitrocresolates, 
the  variation  in  color  from  one  salt  to  another  is  less  than  in 
the  case  of  ortho-  and  metanitrophenolates.  Water  does  not 
cause  as  great  a  change  in  the  color  of  the  nitrocresolates  and 
of  the  paranitrophenolates  as  in  the  case  of  the  other  nitro- 
phenolates. 

Johns  Hopkins  Univ., 
June,  1901. 


COMPARATIVE     STUDY     OF     THE     METASULPH- 
AMINEBENZOIC  ACIDS  MADE  BY  DIFFER- 
ENT METHODS. 

By  J.  C.  W.  Frazer. 

Metasulphaminebenzoic   acid   has   been   made  by   several 
workers  and  by  several  methods,  and  the  lack  of  agreement 
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which  is  found  in  their  descriptions  of  the  properties  of  the 
substance  calls  for  a  more  careful  study  of  the  substance  made 
in  different  ways.  The  point  of  greatest  difference  is  in  the 
melting-point  which  different  investigators  have  found  for  the 
substance.  Even  when  using  the  same  method,  different 
workers  have  found  melting-points  that  differ  quite  markedly 
from  one  another.  In  fact,  from  these  results  it  might  fairly 
be  doubted  whether  the  same  substance  had  always  been  un- 
der investigation,  though  the  methods  employed  would  leave 
little  room  for  such  doubt.  For  this  reason.  Professor  Rem- 
sen  suggested  to  me  to  prepare  this  substance  by  several 
methods  and  to  determine  whether  the  same  product  is  al- 
ways obtained  and,  so,  to  settle  the  question  concerning  its 
melting-point. 

In  view  of  the  interesting  influence  which  continued  heat- 
ing has  been  found  to  produce  on  parasulphaminebenzoic  acid 
and  of  similar  work  that  has  been  done  in  this  laboratory  on 
metasulphaminebenzoic  acid  itself,  a  definite  statement  con- 
cerning the  melting-point  of  metasulphaminebenzoic  acid  ac- 
quires more  than  ordinary  significance. 

Metasulphaminebenzoic  acid  was  first  obtained  by  Lim- 
pricht  and  Uslar^  from  metasulphobenzoic  diamide  by  heating 
with  potassium  hydroxide.  Under  these  conditions  the  carb- 
amine  group  is  saponified  and  the  sulphamine  acid  is  precipi- 
tated on  acidifying  : 

/CONH,  /COOK 

C.h/  +KOH     =     C,h/  +NH3. 

\SO,NH,  \SO,NH, 

The  authors  describe  the  substance  as  separating  in  crys- 
tals resembling  potassium  chlorate.  They  did  not  deter- 
mine its  melting-point  but  found  the  substance  to  melt  some- 
where above  200°. 

Remsen  and  Palmer*  obtained  the  acid  from  metatoluene- 
sulphone  amide  by  oxidation  with  potassium  permanganate. 
They  found  the  substance  they  obtained  to  melt  at  235°  (un- 
corrected), at  the  same  time  suffering  slight  decomposition. 

1  Ann.  Chetn.  (Liebig),  106,  36,  37,  42-46. 
>  Thi«  Journal,  4,  144. 
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Noyes  and  Walker^  have  made  the  acid  from  metatoluene- 
sulphone  amide  by  oxidation  with  potassium  ferricyanide.  The 
potassium  salt  of  the  acid  they  obtained  was  washed  with 
strong  alcohol  to  remove  any  unoxidized  amide.  Thp  acid 
liberated  from  this  salt  they  found  to  have  a  melting-point  of 
246°  to  247°  (uncorrected). 

W.  Jones'  has  made  the  acid  by  three  different  methods  : 
First,  by  a  slight  modification  of  the  method  of  I^impricht  and 
Uslar,  when  he  obtained  an  acid  melting  at  248°  (uncorrected). 
Next  he  obtained  the  acid  by  saponification  of  metasulph- 
aminebenzoic nitrile  with  dilute  caustic  potash.  The  nitrile 
itself  he  obtained  from  the  diamide  by  treatment  with  phos- 
phorus pentachloride  and,  after  distilling  off  the  phosphorus 
oxychloride,  crystallizing  the  product  from  warm  water.  The 
acid  obtained  in  this  way  was  the  same  as  that  from  the  first 
method  above.  Of  the  second  method  he  says  :  "  No  method 
is  better  adapted  to  the  preparation  of  the  acid  in  pure  condi- 
tion than  this  one." 

He  obtained  metasulphaminebenzoic  acid  by  treatment  of 
metasulphobenzoic  chloride  with  aqueous  ammonia.  The 
acid  obtained  by  this  method  he  found  to  melt  at  248°  to  248°. 5. 

Griffin*  obtained  metasulphaminebenzoic  acid  by  oxidation 
of  metatoluenesulphone  amide  with  chromic  acid.  On  purify- 
ing, he  obtained  a  substance  melting  at  233°  (uncorrected). 

Nakaseko,*  working  in  this  laboratory,  next  made  the  sub- 
stance. He  obtained  the  acid  by  the  method  recommended 
by  Jones  as  being  the  best,  the  saponification  of  metasulph- 
aminebenzonitrile.  After  recrystallizing  the  acid  several 
times,  he  found  it  to  melt  at  237°  to  238°  (corrected).  He 
then  converted  the  acid  into  the  ammonium  salt  and  recrys- 
tallized  this.  The  purified  ammonium  salt  was  converted  into 
the  lead  salt  and  this  in  turn  recrystallized  several  times. 
The  acid  was  liberated  from  the  lead  salt  by  treatment  with 
sulphuric  acid  and  then  recrystallized  several  times.     During 

1  This  Journal,  8,  i88. 

*  Private  communication. 

*  This  Journal,  19,  180. 
<  Dissertation,  1898. 
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this  treatment  he  found  the  melting-point  had  remained  un- 
changed at  237°  to  238°. 

It  was  because  of  this  variation  that  the  following  work  was 
undertaken. 

Metasulphobenzoic  diamide  was  made  from  acid  potassium 
metasulphobenzoate  by  treatment  with  phosphorus  penta- 
chloride.  Metasulphobenzoic  dichloride  thus  obtained  is 
treated  with  aqueous  ammonia  when  the  diamide  is  obtained. 
This  diamide  is  saponified  with  caustic  potash  by  the  method 
used  by  Jones,  and  the  product  acidified  with  hydrochloric 
acid.  When  the  metasulphaminebenzoic  acid  crystallizes  out 
the  precaution  mentioned  by  Jones  is  observed,  that  is,  the 
solution  is  not  allowed  to  become  perfectly  cold,  otherwise  the 
unchanged  diamide  separates  along  with  the  sulphamine 
acid.  The  substance  thus  obtained  was  recrystallized  four 
times,  observing  the  same  precaution.  This  substance  had  a 
melting-point  of  238°.  When  recrystallized  a  fifth  time  in  the 
same  way,  after  boiling  with  animal  charcoal,  the  melting-point 
237°-5  was  obtained.  Some  of  this  product  was  then  con- 
verted into  the  barium  salt  by  treatment  with  barium  carbon- 
ate and  the  barium  salt  recrystallized  from  water  and  repeat- 
edly washed  with  95  per  cent  alcohol,  recrystallized,  warmed 
with  95  per  cent  alcohol,  and,  after  cooling,  washed  with  alco- 
hol and  again  recrystallized  from  water.  From  the  salt  thus 
purified  the  acid  was  liberated  by  treatment  with  hydrochloric 
acid,  and  the  acid  recrystallized  from  hot  water.  The  meta- 
sulphaminebenzoic acid  crystallized  in  beautiful,  colorless 
scales,  which  melted  at  237°. 5  to  238°  (corrected). 

The  metasulphobenzoic  diamide  above  is  then  treated  with 
phosphorus  pentachloride,  which  converts  it  into  metasulph- 

/CI 

aminebenzonitrile  hydrochloride,  CgH^^  ,  which,  when 

SO,NH, 
dissolved  in  warm  water,  forms  metasulphaminebenzoic  nitrile^ 

CgH^^  .     This  substance  is  boiled  five  hours  with  di- 

\SO,NH, 
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lute  caustic  potash.  At  the  end  of  this  time,  on  acidifying 
with  hydrochloric  acid,  a  voluminous  precipitate  separates 
which  does  not  crystallize  anything  like  the  metasulphamine- 
benzoic acid.  It  can  be  separated  by  fractional  crystalliza- 
tion into  a  crystalline  portion,  from  which  the  sulphamine 
acid  can  be  obtained  in  pure  condition.  Not  a  very  good 
yield  of  the  sulphamine  acid  was  obtained,  and  the  large 
amount  of  precipitate  formed  may  have  been  the  acid  potas- 
sium salt  which  came  down  on  acidifying,  though  this  was 
not  determined.  After  six  recrystallizations  the  acid  had 
every  appearance  of  the  metasulphaminebenzoic  acid  made  by 
the  method  above,  and  was  found  to  have  the  melting-point 
237°  to  238°  (corrected). 

Crude  paratoluidinemetasulphonic  acid  was  purified  by 
boiling  the  solution  acidified  with  hydrochloric  acid  and  add- 
ing animal  charcoal.  Nitrogen  trioxide  was  conducted  into  a 
thin  paste  made  by  mixing  this  with  alcohol,  according  to  the 
method  given  by  Griffin.^  The  diazo  compound  thus  ob- 
tained was  decomposed  in  absolute  methyl  alcohol  in  presence 
of  anhydrous  sodium  carbonate,  according  to  the  directions  of 
the  same  author.  After  the  decomposition  of  the  diazo  qpm- 
pound  is  complete,  the  alcohol  is  evaporated  off,  and  the  dried 
residue  converted  into  metatoluenesulphone  chloride  by  treat- 
ment with  phosphorus  pentachloride,  and  this,  on  treatment 
with  aqueous  ammonia,  is  converted  into  metatoluenesulphone 
amide.  This  amide  was  oxidized  with  chromic  acid  accord- 
ing to  the  directions  given  by  Griffin.  To  free  the  acid 
formed  from  the  unoxidized  toluenesulphone  amide,  it  is  con- 
verted into  the  potassium  salt.  On  liberating  the  free  meta- 
sulphaminebenzoic acid  and  recrystallizing  several  times  it 
was  found  to  have  all  the  appearance  of  that  obtained  by  the 
methodsabove,  and  was  found  to  have  the  melting-point  237''. 5 
to  238°. 5  (corrected). 

The  metasulphaminebenzoic  acid  was  next  made  from  para- 
brommetatoluenesulphonic  acid.  The  reduction  of  this  acid 
has  been  accomplished  by  Miiller"  by  treating  its  aqueous 

1  This  Journal,  19,  164. 

*  Ann.  Chem.  (Liebig),  169,  347. 
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solution  with  sodium  amalgam.  For  the  complete  removal  of 
the  bromine  the  action  is  continued  for  about  eight  days.  At 
the  end  of  that  time  it  is  found  that  no  bromine  is  left  in  the 
acid.  The  solution  is  then  acidified  with  sulphuric  acid  and 
evaporated  when,  by  allowing  it  to  cool,  a  great  deal  of  the 
potassium  sulphate  can  be  eliminated.  The  solution  thus  ob- 
tained from  the  sulphate,  which  has  separated,  is  then  evapo- 
rated to  dryness  and  treated  with  phosphorus  pentachloride. 
The  oily  chloride,  after  it  has  been  washed  with  water,  is  con- 
verted into  the  amide  by  treatment  with  aqueous  ammonia. 
The  metatoluenesulphone  amide  thus  obtained  is  oxidized  with 
chromic  acid  as  above,  and  the  metasulphaminebenzoic  acid 
obtained  is  purified  in  the  same  way.  The  substance  had 
every  appearance  of  that  already  obtained  and  melted  at 
237°-5  to  238"  (corrected). 

The  acid  was  next  obtained  from  the  metasulphone  chloride 
.COOH 
of  benzoic  acid,  CgH^^  ,  by  treatment  with  aqueous 

\SO,Cl(w) 
ammonia.  This  chloride  was  obtained  from  benzoyl  chloride 
by  treating  it  with  sulphur  trioxide.  The  sulphonic  acid 
group  enters  the  position  meta  to  the  carbonyl  group,  and  by 
an  action  not  yet  understood  the  above  substance  is  obtained. 
This,  as  stated,  gives  the  metasulphaminebenzoic  acid  on 
treatment  with  aqueous  ammonia  and  was  found  to  melt  at 

237°-5- 

The  thermometer  used  in  all  this  work  was  carefully  com- 
pared with  two  standard  thermometers  and  the  corrections 
always  applied. 

There  was  one  other  point  concerning  the  melting-point  of 
this  acid  which  was  tested. 

It  is  stated  by  Jones  that  his  metasulphaminebenzoic  acid 
could  not  be  made  to  melt  below  248°.  He  kept  a  small 
quantity  of  the  acid  at  a  temperature  of  240°  to  242°  for  an 
hour.  The  temperature  was  then  gradually  raised  and  while 
doing  so  was  kept  at  temperatures  from  242°  to  246°  for  three 
hours,  but  the  acid  would  not  melt  below  248°.  On  the  other 
hand,  Nakaseko  found  quite  different  results  when  proceed- 
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ing  in  a  similar  way.  While  he  found  the  melting-point  of 
the  metasulphaminebenzoic  acid  to  be  237°  to  238°  he  says  it 
can  be  melted  considerably  lower  than  this. 

After  drying  the  acid  carefully  in  an  air-bath  at  140°  for  two 
hours,  it  was  placed  in  specimen  tubes  and  heated  for  four 
hours  at  210°  to  215°.  At  the  end  of  this  time  it  did  not  melt, 
but  by  raising  the  temperature  slowly  till  it  reached  220°  it 
melted  completely. 

I  placed  about  i  gram  of  the  dried  metasulphaminebenzoic 
acid  in  a  specimen-tube  and  heated  it  for  one  hour  at  215' 
(once  the  temperature  rose  to  220°  for  a  short  time),  and  at 
the  end  of  this  time  the  substance  had  melted.  This  result  is 
similar  to  that  of  Nakaseko,  above  referred  to. 

This  being  the  case,  in  determining  the  melting-point  of 
metasulphaminebenzoic  acid  made  by  the  different  methods 
above,  the  substance  was  heated  as  rapidly  as  possible  till 
near  the  melting-point  so  as  to  avoid  any  change  of  the  melt- 
ing-point such  as  was  found  above  to  be  caused  by  continued 
heating. 

It  will  thus  be  seen  that  metasulphaminebenzoic  acid,  whether 

made  (i)  from  metasulphobenzoic  diamide,   CgH^<^  ; 

^SO,NH, 

(2)  from  metasulphaminebenzoic nitrile,  CgH^^  ;    (3) 

\SO,NH, 

XOOH 
from  the  metasulphone  chloride  of  benzoic  acid,  C6H^<^  ; 

\so,ci 

(4)  from  parabrommetatoluenesulphonic  acid, 

UrC/) 
or  (5)  from  paraminometatoluenesulphonic  acid, 

C,hJsO,H(w), 
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is  one  and  the  same  product.  When  heated  rapidly  it  melts 
at  237°  to  238°  (corrected).  When  heated  slowly  it  undergoes 
a  change  that  causes  it  to  melt  as  low  as  215°. 

Johns  Hopkins  Univ., 
June,  1901. 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

CXI. -ON  THE   THIOCYANATES   OF  SIEVER  AND 
POTASSIUM  AND  THEIR  SOEUBIEITY. 

By  H.  W.  Foote. 
INTRODUCTION. 

The  main  object  of  the  present  investigation  has  been  to 
devise  a  method  for  determining  what  double  salts  are  formed 
by  two  single  salts  with  a  common  ion.  The  method  de- 
pends chiefly  on  well-known  principles  of  solubility. 

The  conditions  regulating  the  solubility  of  two  salts  with  a 
common  ion  are  well  known. ^  At  a  given  temperature  there 
will  be  but  one  saturated  solution  possible  when  both  salts  are 
present  in  excess,  provided  the  salts  form  no  double  salts  with 
each  other.  If  one  double  salt  AB  forms  from  the  two  single 
salts  A  and  B^  there  will  be  two  definite  saturated  solutions, 
one  when  A  and  AB  are  both  present  as  solids  and  the  other 
when  AB  and  B  are  present.  The  single  salts  alone  or  a 
double  salt  alone  can  exist  in  contact  with  a  series  of  satura- 
ted solutions  containing  A  and  B.  It  follows  that  when  two 
separate  salts  are  present  in  the  residue,  the  composition  of 
this  residue  will  change  as  the  relative  proportion  of  the  two 
salts  changes,  but  the  composition  of  the  saturated  solution 
remains  constant.  When,  however,  only  one  salt,  either  sim- 
ple or  double,  is  in  the  residue,  its  composition  must  remain 
fixed  while  the  composition  of  the  saturated  solution  varies 
within  certain  limits.  We  have  then  the  rule  that  if  the  com- 
position of  the  residue  varies  in  different  determinations  while 
the  solution  remains  constant,  a  mixture  of  two  salts  is  pres- 
ent. If  the  solution  varies  while  the  residue  remains  con- 
stant in  composition,  a  single  salt  or  one  double  salt  is  pres- 

1  Ostwald  :  Lehrb.  d.  allgetn.  Chem.,  i,  1076  ;  Van  't  Hoff  :  Vorles.  fiber  Bild.  u. 
Spalt.  von  Doppelsalzen. 
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ent.  The  method  of  determining  double  salts  by  solubility 
determinations  is  based  on  this  rule.  A  somewhat  similar 
method  has  been  used  in  investigating  the  periodides  of  cae- 
sium.^ 

The  investigation  has  been  carried  out  with  the  thiocyanates 
of  silver  and  potassium.  Their  double  thiocyanates  have 
been  prepared  recently  by  Wells  and  Merriam,*  who  de- 
scribed the  following  compounds  : 

3KSCN.AgSCN,    2KSCN.AgSCN,    and    KSCN.AgSCN. 

In  testing  the  method  on  these  salts,  it  has  been  shown  that 
the  salt  3KSCN.AgSCN  is  unstable  under  ordinary  condi- 
tions of  temperature.  It  readily  passes  over  into  a  mixture 
of  2KSCN.AgSCN  and  potassium  thiocyanate. 

EXPERIMENTAL. 

In  carrying  out  the  experimental  work,  accurately  weighed 
quantities  of  potassium  and  silver  thiocyanates  were  placed 
together  in  a  strong  glass  tube,  about  the  size  of  a  test-tube, 
and  treated  with  a  known  amount  of  water.  The  quantities 
of  salt  and  water  were  so  regulated  that  there  was  always  an 
undissolved  residue  at  the  temperature  of  the  experiment. 
The  relative  amounts  of  each  salt  were  varied  systematically 
in  the  different  determinations.  The  mixtures  were  heated 
for  some  time,  when  possible,  till  both  salts  dissolved  com- 
pletely, and  then  placed  in  a  Noyes  solubility-apparatus  at 
25"  C.  After  saturation  had  taken  place,  a  small  amount  of 
solution  was  removed  and  analyzed.  The  composition  of  the 
residual  thiocyanates  could  then  be  calculated  with  sufficient 
accuracy.  This  method  of  determining  the  composition  of 
the  undissolved  salt  could  be  used  here,  as  it  was  known  that 
all  salts  formed  were  anhydrous.  In  a  case  where  salts  con- 
tain water  of  crystallization,  it  would  be  necessary  to  analyze 
the  residue  instead  of  calculating  its  composition.  In  one  or 
two  cases  this  was  done  as  a  check  on  the  calculated  value. 
When  the  residue  is  analyzed,  it  is  unnecessary  to  weigh  ac- 

1  Foote  :  This  Journal,  39,  203  (1903). 
!'/djrf.,38,  265. 
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curately  the  quantities  of  salts  and  water  used  in  the  experi- 
ments. 

It  should  be  mentioned  that  it  was  found  difficult  to  satu- 
rate the  solutions  in  which  uncombined  silver  thiocyanate  was 
present  as  solid  phase.  Constant  results  in  this  case  were  ob- 
tained only  when  the  mixtures  were  kept  at  25°  for  about  a 
week,  shaking  them  in  the  apparatus  during  the  day. 

The  solutions  were  analyzed  as  follows  :  Weighed  quanti- 
ties of  solution  were  treated  with  water,  precipitating  silver 
thiocyanate,  which  was  filtered  on  a  Gooch  crucible,  dried  at 
100°  to  120°  C,  and  weighed.  A  small  quantity  of  ferric  alum 
was  added  to  the  filtrate,  which  was  acidified  with  nitric  acid, 
and  titrated  with  standard  silver  nitrate  till  just  decolorized. 

The  results  obtained  are  in  Table  I.  Column  I.  gives  the 
number  of  the  experiment ;  Columns  II.  and  III. ,  the  parts  by 
weight  of  potassium  thiocyanate  and  silver  thiocyanate,  re- 
spectively, in  100  parts  by  weight  of  solution  ;  Columns  IV. 
and  v.,  the  percentage  of  potassium  thiocyanate  and  silver 
thiocyanate  in  the  residue.  The  results  are  separated  into 
groups  whose  significance  will  become  apparent  : 

Table  I. 


I. 

II. 

III. 

IV. 

v. 

KSCN  in 

AgSCN  in 

KSCN  in 

AffSCN  in 

solution. 

solution. 

residue. 

residue. 

I 

70.38 



100. 0 



2 

70.68 

.... 

1 00.0 

.... 

3 

66.44 

9.46 

87-95 

12.05 

4 

66.80 

8.95 

74.29 

25-71 

5 

66.42 

9-56 

55-25 

44-75 

6 

64.47 

10.62 

53-38 

46.62 

7 

61.25 

11.76 

53-97 

46.03 

8 

58.34 

13-55 

54-23 

45-77 

9 

53-21 

17-53 

54-14 

45-86 

10 

50.55 

20.46 

49.12 

50.88 

II 

50.81 

20.40 

43-98 

56.02 

12 

49-43 

20.32 

36.58 

63.42 

13 

32.51 

18.34 

36.75 

63-25 

14 

24.68 

16.41 

36.26 

63-74 

15 

23.89 

16.14 

32.83 

67.17 

16 

23-83 

16.01 

24.66 

75-34 

Thiocyanaies  of  Silver  and  Potassium. 


333 


Discussion  of  the  Results. 

In  the  above  table,  experiments  Nos.  i  and  2  represent  the 
solubility  of  pure  potassium  thiocyanate.  Nos.  3,  4,  and  5 
show  a  constant  solubility  while  the  composition  of  the  resi- 
due changes.  This  indicates  that  a  mixture  of  potassium 
thiocyanate  and  the  first  double  salt  is  present.  Nos.  6,  7,  8, 
and  9  have  a  constant  composition  in  the  residue  while  the 
solution  varies.  Here  the  first  double  salt  appears  in  pure 
condition.  It  is  evidently  2KSCN.AgSCN.  The  pure  salt 
contains  53.92  per  cent  of  potassium  thiocyanate.  Nos.  10 
and  1 1  have  a  constant  solubility  and  variable  composition  of 
the  residue  corresponding  to  a  mixture  of  2KSCN.AgSCN 
and  the  next  double  salt.  Nos.  12,  13,  and  14  show  variable 
composition  of  the  solution  while  the  residue  corresponds 
closely  to  KSCN.AgSCN.  The  pure  salt  contains  36.90  per 
cent  of  potassium  thiocyanate.  Nos.  15  and  16  have  a  con- 
stant composition  of  the  solution  while  the  residue  varies,  cor- 
responding to  a  mixture  of  KSCN.AgSCN  and  silver  thio- 
cyanate. The  experiments  were  not  carried  beyond  this 
point  as  unchanged  silver  thiocyanate  could  be  seen  in  the 
residue. 

The  results  in  Table  I.   are  shown  graphically  in  Fig.  I. 
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The  percentage  of  potassium  thiocyanate  in  the  solution  is 
plotted  as  ordinate  and  the  percentage  of  the  same  salt  in  the 
residue  as  abscissa.  The  point  A  represents  the  solubility  of 
the  pure  salt.  From  B  to  C  the  solubility  remains  constant 
while  the  composition  of  the  residue  changes,  corresponding 
to  the  mixture  of  potassium  thiocyanate  and  2KSCN.AgSCN. 
From  C  to  D  the  solubility  changes,  while  the  residue  consists 
of  pure  2KSCN.AgSCN.  D£  shows  a  mixture  of  the  two 
salts  2KSCN.AgSCN  and  KSCN.AgSCN  in  the  residue. 
Along  the  curve  £F  only  KSCN.AgSCN  is  present,  while 
along  FG  this  salt  and  silver  thiocyanate  are  present. 

The  solubility  results  alone  may  be  shown  graphically  with- 
out regard  to  the  composition  of  the  residue,  by  plotting  the 
quantities  of  silver  and  potassium  thiocyanates  found  in  a 
definite  quantity  of  water.  For  this  purpose  the  solubility 
results  in  Table  I.  have  been  recalculated  to  obtain  the  mole- 
cules of  potassium  and  silver  thiocyanates  in  loo  molecules  of 
water.  Where  two  solids  are  present,  giving  a  constant 
solubility,  the  average  results  have  been  used.  These  recal- 
culated results  are  given  in  Table  II.  The  numbers  in  the 
first  column  refer  to  the  corresponding  results  in  Table  I. 

Table  11. — Solubilities  Recalculated  from  Table  I. 


Molecules  KSCN 

Molecules  AgSCN 

in  100  molecules 

in  100  molecules 

H2O. 

H2O. 

I,  2 

44-36 

0 

3,  4.  5 

51-13 

4.19 

6 

47.98 

4.60 

7 

42.07 

4.72 

8 

38.47 

5.23 

9 

33-71 

6.50 

ID,   II 

32.52 

7.67 

12 

30.29 

7.28 

13 

12.26 

4-05 

14 

7-77 

3.02 

15.  i6 

7-36 

2.90 

These  results  are  plotted  in  Fig.  II.  The  molecules  of 
potassium  and  silver  thiocyanates  in  100  molecules  of  water 
are  plotted  respectively  as  ordinate  and  abscissa. 

The  point  A  represents  the  solubility  of  pure  KSCN. 
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The  point  B  represents  the  solubility  of  KSCN  and  2KSCN. 
AgSCN. 

The  point  C  represents  the  solubility 
of  2KSCN. AgSCN  and  KSCN. AgSCN. 

The  point  D  represents  the  solubility 
of  KSCN. AgSCN  and  AgSCN. 

The  dotted  lines  indicate  the  solubility 
of  potassium  or  silver  thiocyanate  when 
alone  in  the  residue  with  varying  amounts 
of  both  salts  in  solution. 

The  form  of  these  curves  was  not  di- 
rectly determined. 

The  sharp  changes  in  the  direction  of 
the  curve  in  Fig.  II.  indicate  the  changes 
of  the  solid  phase  with  sufficient  clear- 
ness, but  this  method  gives  no  clue  as  to 
what  solid  phase  is  present  along  any  one 
curve. 

The  objection  might  be  raised  to  the 
solubility  results  which  have  been  given, 
that  the  solubilities  obtained  were  not 
what  they  would  be  in  case  the  double 
salts  themselves  were  used  as  a  starting- 
point  instead  of  the  single  salts.  For  the 
sake  of  comparison,  solubility  determinations  were  made  in  a 
few  cases,  using  double  salts  which  had  previously  been  pre- 
pared, instead  of  the  separate  salts.  The  results  are  given  in 
Table  III.,  together  with  the  average  of  the  corresponding 
results  taken  from  Table  I. 

Table  III. 
Solubility  of  KSCN  with  2KSCN.AgSCN. 

Double  salt  and 

KSCN  used.  Single  salts  used. 

KSCN  66.46  66.65 

AgSCN  9.60  9.32 

Solubility  of  2KSCN.  AgSCN  with  KSCN.  AgSCN. 

Double  salts  used.  Single  salts  used. 

KSCN  50.91  50.68 

AgSCN  20.41  20.43 

Solubility  of  KSCN.  AgSCN  with  AgSCN. 


MoIs.AqSCN 
:  fOO  Mols.HiO 
f/g.X. 


KSCN 
AgSCN 


Double  salt  and 
AgSCN  used. 

23.88 

16.05 


Single  salts  used. 
23.86 
16.08 
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The  results  agree  as  well  as  would  be  expected. 
The  Unstable  Salt  jKSCN.AgSCN. 

The  formation  of  the  2  :  i  and  i  :  i  double  salts  has  been 
demonstrated  conclusively  by  solubility  experiments,  but 
there  has  been  no  indication  of  the  3  :  i  salt.  If  this  salt, 
containing  63. 70  per  cent  of  potassium  thiocyanate  had  formed, 
the  solubility  in  Experiments  3  and  4,  Table  I.,  in  which  the 
residues  correspond  in  composition  to  a  mixture  of  potassium 
thiocyanate  and  the  3  :  i  salt,  would  have  been  different  from 
the  solubility  in  Experiment  5,  where  the  composition  of  the 
residue  corresponds  to  a  mixture  of  the  3  :  i  and  2  :  i  salts. 
There  would  also  have  been  a  break  in  the  curve  BC,  Fig.  I. 

The  3  :  i  salt  can  be  prepared  exactly  according  to  the  di- 
rections of  Wells  and  Merriam,  by  dissolving  30  grams  of 
silver  thiocyanate  and  100  grams  of  potassium  thiocyanate  in 
a  small  amount  of  water.  Crystals  are  often  obtained  several 
centimeters  in  length.  In  the  original  description  of  the  salt 
it  was  mentioned  that  it  turns  opaque  on  standing  in  the  air, 
and  the  suggestion  was  made  that  it  breaks  down  into  an- 
other double  salt  and  potassium  thiocyanate.  It  is  evident 
from  the  solubility  experiments  that  this  is  what  takes  place, 
the  salt  giving  potassium  thiocyanate  and  the  2  :  i  double  salt. 
As  this  is  a  very  unusual  occurrence  in  double  salts,  the  mat- 
ter was  studied  somewhat  more  closely.  Some  of  the  3  :  i 
salt  was  mixed  with  potassium  thiocyanate  and  mother-liquor 
from  the  double  salt  and  the  solubility  determined  at  25°. 
The  results  obtained  were  : 

Percentage  of  salt  in  solution. 

KSCN  67.01 

AgSCN  9.01 

These  results  agree  closely  with  the  results  obtained  in 
Experiments  3,  4,  and  5,  Table  I.,  where  a  mixture  of  the 
2  :  I  and  potassium  thiocyanate  was  present.  The  3  :  i  salt 
gradually  turns  opaque  in  the  air.  Heated  in  the  oven  to 
about  90°,  it  turns  opaque  in  a  few  minutes.  The  transforma- 
tion was  also  observed  to  take  place  spontaneously  when  the 
salt  was  under  the  mother-liquor.     The  white,   transformed 
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area  gradually  spreads  through  a  large  crystal  looking  like  a 
white  fungus  growth.  By  bringing  a  crystal  of  the  2  :  i  salt 
in  contact  with  the  3  :  i  under  the  mother-liquor  the  trans- 
formation could  readily  be  started.  This  could  not  be  ac- 
complished by  using  potassium  thiocyanate  instead  of  the  2  :  i 
salt.  In  fact,  a  crop  of  the  3  :  i  salt  mixed  with  potassium 
thiocyanate  has  been  obtained.  The  crystals  of  each  kind 
were  separated  from  each  other  mechanically  and  analyzed  to 
identify  them.  The  3  :  i  salt  in  this  case  was  in  large,  well- 
formed  crystals,  and  from  its  appearance  had  evidently  not 
changed.  When  the  3  :  i  salt  is  shaken  with  potassium  thio- 
cyanate, however,  it  breaks  down,  as  the  solubility  results 
indicate,  which  were  given  above. 

A  solution  which  had  deposited  the  3  :  i  salt  was  further 
impregnated  with  a  small  crystal  of  the  3  :  i  salt,  which  had 
turned  opaque.  More  crystals  formed,  which  were  separated 
from  the  first  crop  of  3:1,  and  analyzed.  They  were  found 
to  be  the  pure  2  :  i  salt,  as  is  shown  by  the  following  result  : 

Calculated  for 
zKSCN.AgSCN.  Found. 

KSCN  53.92  54.28 

The  above  observations  are  sufficient  to  prove  conclusively 
that  the  3  :  i  salt  is  unstable  at  ordinary  temperatures,  and 
passes  into  a  mixture  of  potassium  thiocyanate  and  2KSCN. 
AgSCN.  So  far  as  I  am  aware,  no  similar  case  has  been  ob- 
served. It  appears  to  be  another  illustration  of  the  fact  ob- 
served by  Ostwald^  that  an  unstable  condition  of  a  system 
often  results  in  preference  to  a  stable  condition. 

A  transition  temperature,  above  or  below  which  the  3  :  i 
salt  becomes  the  stable  form,  could  not  be  discovered.  A 
large  crystal  which  had  begun  to  change  was  left  out  of  doors 
over  night  under  the  mother-liquor  at  a  temperature  slightly 
above  o°'C.  and  the  transformation  progressed  steadily.  A 
dilatometer  filled  with  the  2  :  i  salt  and  potassium  thiocyanate 
and  moistened  with  the  mother-liquor  saturated  with  the  salts 
showed  no  irregular  contraction  or  expansion  when  cooled  to 
— 10°  C.  If  the  transition  temperature  lies  below  the  tem- 
peratures investigated,  it  follows  that  the  reaction 

1  Ztschr.  phys.  Chem.,  aa,  306  (1897). 
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3KSCN.AgSCN     =     2KSCN.AgSCN  +  KSCN 

takes  place  with  absorption  of  heat.  If  the  transition  tempera- 
ture is  high  the  reaction  takes  place  with  evolution  of  heat. 
If  this  heat  effect  is  appreciable,  it  could  be  determined  by- 
determining  the  heat  of  solution  of  the  3  :  i  salt  before  and 
after  it  had  been  transformed. 

An  attempt  was  made  to  do  this.  The  3  :  i  salt  was  freed 
from  the  mother-liquor  between  filter-paper  and  thoroughly 
air-dried.  A  part  of  the  crop  was  then  warmed  a  few  minutes 
at  80°  to  90°  C.  till  it  turned  opaque.  The  heat  of  solution  of 
the  two  products  was  then  determined  in  a  calorimeter,  using 
the  same  amount  of  salt  in  each  case  and  keeping  all  condi- 
tions as  nearly  alike  as  possible.  The  experiment  was  re- 
peated on  a  different  crop  of  the  salt  under  somewhat  different 
conditions  from  those  before,  but  again  maintaining  the  con- 
ditions throughout  as  nearly  constant  as  possible.  The  fol- 
lowing results  were  obtained  : 

Heat  of  solution  of  Heat  of  solution  of  Difference  in  heat 

SKSCN.AgSCN.         aKSCN.AgSCN  +  KSCN.  of  solution, 

a.  b.  b — a. 

1  —23.1  Cal.  —22.5  Cal.  +0.6  Cal. 

2  — 21. 1     "  — 20.3    "  -j-o.S    " 

The  results  in  the  two  sets  of  experiments  do  not  agree  very 
closely,  which  is  perhaps  explained  by  the  fact  that  it  is  very 
diflScult  to  obtain  the  3  :  i  salt  in  perfectly  pure  condition, 
forming  as  it  does  from  a  mother-liquor  containing  70  or  80 
per  cent  of  dissolved  salts.  The  difference  between  the  heat 
of  solution  of  the  3  :  i  salt  and  the  opaque  material  is  very 
slight,  but  indicates  that  the  transition  temperature  lies  below 
the  temperatures  investigated.  This  point  can  hardly  be  re- 
garded as  definitely  settled,  however. 

Summary. 

The  results  in  the  preceding  article  may  be  summarized  as 
follows : 

I.  A  method  depending  in  part  on  well-known  principles  of 
solubility  has  been  devised  for  determining  all  the  stable 
double  salts  formed  by  two  single  salts  with  a  common  ion  at 
a  given  temperature. 
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2.  The  method  has  been  applied  to  determine  the  double 
thiocyanates  of  silver  and  potassium, 

3.  The  double  salt,  sKSCN.AgSCN,  has  been  shown  to  be 
unstable  under  ordinary  conditions  of  temperature,  breaking 
down  readily  into  2KSCN.  AgSCN  and  potassium  thiocyanate. 

4.  It  is  probable  that  this  unstable  salt  becomes  stable  only 
at  a  low  temperature,  if  at  all. 

Nkw  Haven,  Conn.,  February,  1903. 
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CXII.— ON  THE  DOUBLE  CAESIUM  AND  MERCURIC 
CHLORIDES  AND  THEIR  SOLUBILITY. 

By  H.  W.  Foote. 

In  the  previous  article  the  determination  of  the  double  thio- 
cyanates of  silver  and  potassium  by  means  of  the  solubility  of 
a  series  of  mixtures  of  the  two  salts  was  described.  Caesium 
and  mercuric  chlorides  form  one  of  the  largest  series  of  double 
salts  known,  and  it  seemed  of  interest  to  apply  the  method  to 
this  series. 

The  double  salts  have  been  described  by  Wells. ^  They 
have  the  following  formulas:  3CsCl.HgCl„  2CsCl.HgCl„ 
CsCl.HgCl,,  CsC1.2HgCl„  CsCl.sHgCl,.  The  solubility  re- 
sults have  confirmed  the  existence  of  these  salts,  and  have 
shown  that  others  do  not  exist  at  the  temperature  investiga- 
ted. 

The  solubility  determinations  were  carried  out  much  as  in 
the  previous  investigation.  An  accurately  weighed  quantity 
of  mercuric  chloride  was  usually  treated  with  a  known  quan- 
tity of  water  and  warmed  somewhat,  when  caesium  chloride 
was  added  and  the  mixture  warmed  in  the  solubility-tube. 
The  mixtures  were  then  placed  in  the  thermostat  at  25°, 
usually  for  forty-eight  hours.  They  were  rotated  about  half 
that  time.  In  only  a  few  cases,  where  caesium  was  present 
in  excess,  did  the  mixtures  dissolve  entirely  when  warmed. 
After  saturation,  a  portion  of  the  solution  was  removed 
through  a  pipette  closed  with  a  plug  of  glass  wool  and,  after 
being  weighed,  was  analyzed  as  follows  :     The  solution  was 

1  Am.  J.  Sci.,  44,  221  (1892). 
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diluted  with  cold  water,  acidified  with  hydrochloric  acid,  and 
treated  with  hydrogen  sulphide.  Mercuric  sulphide  was  fil- 
tered on  a  Gooch  crucible,  dried  at  ioo°,  and  weighed.  The 
filtrate  was  evaporated  and  the  residue  weighed  as  caesium 
chloride.  The  composition  of  the  residue  could  then  be  cal- 
culated, and  this  was  done  except  at  the  caesium  end  where 
the  solutions  contained  a  very  large  excess  of  caesium  chlo- 
ride. In  this  case  it  was  found  more  accurate  to  analyze  the 
residue.  For  this  analysis  the  residue  was  dried  as  quickly 
as  possible  between  filter-papers  and  analyzed  by  the  method 
already  given. 

The  results  are  in  Table  I.  Column  I.  gives  the  number 
of  the  experiment  ;  Columns  II.  and  III.,  the  parts  by  weight 
of  caesium  chloride  and  mercuric  chloride,  respectively,  in 
ICG  parts  by  weight  of  solution;  Columns  IV.  and  V.,  the 
percentage  of  caesium  chloride  and  mercuric  chloride  in  the 
residue  ;  Column  VI.,  the  salts  present  in  the  residue.  The 
results  are  separated  into  groups,  each  group  representing  (i) 
varying  composition  of  the  residue  and  constant  composition 
of  solution,  where  a  mixture  of  two  salts  is  present,  or  (2) 
constant  composition  of  the  residue  and  varying  composition 
of  solution,  showing  a  pure  salt.  The  results  in  the  latter 
class,  where  a  pure  salt  is  present,  are  italicized  : 

Table  I. — Solubility  of  Caesium  and  Mercuric  Chlorides  at  2^°. 


I. 

I 

II. 

CsCl in 
solution. 

65.61 

III. 

HgClj  in 
solution. 

0 

IV. 
CsCl in 
residue. 

100 

v. 

HgCla  in 
residue. 

0 

VI. 
Residue  contains 

CsCl 

2 

3 

65-71 
65.86 

0.22 
0.21 

95.11 
70.12 

4.89 
29.88 

CsCl  and  Cs3HgC]5 

4 
5 
6 

62.36 

51 -o  I 
52-35 

0.32 
0.6^ 
1.23 

66.43 
65-96 
65.46 

33-57 
34-04 
34-54 

Cs,HgCl, 

7 
8 

51-17 
51.01 

1-45 
1.43 

62.86 
59.80 

37-14 
40.20 

Cs,HgCl,  and  Cs,HgCl, 

9 
10 

49-30 
45-95 

1-49 
1.69 

56.21 

55-47 

43-79 
44-53 

Cs,HgCl, 

II 
12 

45-45 
44-99 

1.78 
1.69 

48.31 
39-77 

51-69 
60.23 

Cs^HgCl,  and  CsHgCl, 
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Table  I. — Solubility  of  Caesium  and  Mercuric  Chlorides  at  ^5° 
(  Continued^ . 


I. 

II. 

III. 

IV. 

V. 

VI. 

CsCl in 

HgCla  in 

CsCl in 

HgCla  in 

solution. 

solution. 

residue. 

residue. 

Residue  contains 

13 

3^'6j 

1.32 

37-85 

62.15 

CsHgClj 

14 

27.17 

0.84 

37.20 

62.80 

" 

15 

17.03 

0.51 

37.60 

62.40 

'* 

16 

392 

0.27 

37.60 

62.40 

(C 

17 

I-5Z 

0.42 

37.66 

62.34 

<( 

18 

0.63 

2.66 

36.81 

63.19 

CsHgCl,  and  CsHg,Cl, 

19 

0.59 

2.62 

30.99 

69.01 

"           "           " 

20 

0.49 

2.9T 

23-43 

76-57 

CsHg.Cl, 

21 

0.4.0 

3-78 

23-55 

1^-44 

22 

0.43 

4.62 

20.46 

79-54 

CsHg,Cl,andCsHg,Cl,, 

23 

0-45 

4-65 

15-97 

84.03 

" 

24 

0.41 

4.68 

11.30 

88.70 

CsHg.Cl, 

25 

0.25 

5-65 

10.84 

8g.i6 

26 

0.19 

7.14 

10.62 

89.38 

CsHg.Cl,,  and  HgCl, 

27 

0.20 

7.10 

9-57 

91-43 

"            '*         " 

28 

0.19 

7.10 

4-93 

95-07 

t(            (1         (( 

29 

0.18 

7.06 

0.95 

99-05 

((            <<         (( 

30 

0.17 

7.06 

0.28 

99.72 

((                         K                   (1 

31 

o.og 

7.02 

0 

1 00.0 

HgCl, 

32 

0 

6.go 

0 

1 00.0 

" 

Excluding  the  pure  single  salts,  there  are  five  groups  where 
the  residue  is  very  nearly  constant  in  each  group,  correspond- 
ing to  five  double  salts.  Table  II.  gives  the  calculated  per- 
centage of  caesium  chloride  in  the  five  double  salts  described 
by  Wells.  Underneath,  the  average  percentage  of  caesium 
chloride  in  the  above  residues  of  each  group,,  corresponding 
to  a  double  salt,  is  given  : 

Table  II. 

CssHgCls.  Cs2HgCl4.  CsHgCU.  CsHgaClg.  CaRgsClu. 

CsCl  (calculated)         65.10     55.43     38.34     23.72     11.06 
CsCl  (found)  65.95     55.84     37.58     23.49     11.07 

The  results  in  Table  II.  show  conclusively  that  the  salts 
found  were  the  same  as  those  described  by  Wells.  The  pos- 
sibility of  the  formation  of  other  stable  salts  is  excluded,  as 
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the  differences  in  composition  of  the  solutions  and  residues 
from  group  to  group  are  but  slight. 

The  results  of  Table  I.  have  been  plotted  in  Fig.  I.     The 
total  percentage  of  dissolved  salts  has  been  chosen  as  ordinate 
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and  the  percentage  of  caesium  chloride  in  the  residue  as  ab- 
scissa. The  five  lines  running  nearly  vertically  show  nearly 
constant  composition  of  the  residue  and  variable  solubility, 
corresponding  to  the  five  double  salts,  while  each  horizontal 
line  represents  a  mixture  of  two  salts  with  constant  solubility. 

Referring  back  to  Table  I.,  it  will  be  noticed  in  Experi- 
ments 13  to  17  where  the  i  :  i  salt  is  present  that  the  amount 
of  mercuric  chloride  in  solution  at  first  diminishes  and  then 
increases.  The  increase  is  but  slight  but  continues  in  Ex- 
periments 18  and  19,  where  the  i  :  i  salt  is  mixed  with  the 
I  :  2  salt.  This  irregularity  would  indicate  a  change  in  the 
double  salt,  but  the  composition  of  the  residue  remains  con- 
stant. It  was  noticed  by  Wells^  that  the  i  :  i  salt  occurs  in 
two  different  crystalline  modifications,  one  form  crystallizing 
in  cubes  at  the  caesium  end  of  the  series,  and  the  other  in 
orthorhombic  crystals  at  the  mercury  end.  From  the  results 
in  the  table  it  is  evident  that  the  isometric  crystals  were  pres- 
ent in  Experiments  13  to  15,  and  the  orthorhombic  form  in 
Experiment  17,  and  possibly  in  Experiment  16,  A  change  of 
the  crystalline  form  of  a  substance  is  usually  associated  with 
a  change  in  temperature,  there  being  but  one  temperature 
where  both  forms  are  stable.  Above  and  below  this  tempera- 
ture only  one  form  can  exist.  In  the  present  case,  at  con- 
stant temperature,  both  forms  can  exist  in  equilibrium  only 
under  one  definite  set  of  solubility  conditions.  Nearer  the 
mercury  end  the  orth'^rhombic  form  is  stable,  while  at  the 
caesium  end  of  the  series  only  the  isometric  form  can  exist. 
This  conclusion  is  supported  by  the  phase  rule.  In  case  both 
forms  of  the  double  salt  were  present,  there  would  be  four 
phases  in  the  system,  consisting  of  the  two  solids,  solution 
and  vapor,  and  three  components.  The  system  is  thus  mono- 
variant.  If  the  temperature  be  chosen  as  variable,  the  con- 
centration of  the  solution  will  adjust  itself  and  cannot  be 
varied  independently.  When  one  phase  disappears  the  sys- 
tem becomes  divariant,  and  besides  the  temperature  the  con- 
centration of  the  solution  may  be  varied. 

The  corresponding  double  bromide,  CsHgBr,,  is  also  di- 
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morphous/  the  two  forms  corresponding  to  those  of  the  double 
chloride,  and  caesium  lead  bromide,  CsPbBrj,  occurs  in 
orange-colored  and  in  colorless  crystals.^  In  both  these  cases 
the  two  forms  can  occur  at  a  given  temperature,  but  the  rela- 
tive proportion  of  the  two  salts  in  solution  determines  which 
form  is  stable.  Only  when  the  dissolved  salts  are  present  in 
one  definite  proportion  for  a  given  temperature  could  both 
salts  be  stable  together.  The  compound  CsCljI  is  also  dimor- 
phous' and  similar  influences  appear  to  affect  the  crystalline 
form. 

Summary. 

The  results  in  this  article  may  be  summarized  as  follows  : 

1.  The  solubility  method  of  determining  double  salts,  which 
was  devised  in  the  preceding  article,  has  been  applied  to  the 
double  caesium  and  mercuric  chlorides. 

2.  The  five  double  salts  described  by  Wells  were  detected 
and  it  was  shown  that  no  others  formed  at  25°. 

3.  The  occurrence  of  two  crystalline  forms  of  a  double  salt 
at  any  one  temperature  was  discussed,  with  examples. 

New  Haven,  Conn.,  June,  1903. 


THE    SOLUBILITY-CURVE    OF  SODIUM  TETRA- 
BORATE. 

By  D.  W.  Horn  and  Elizabeth  M.  Van  Wagener. 

The  following  paper  is  based  on  volumetric  analyses  of  satu- 
rated solutions  of  borax,  prepared  from  both  supersaturated 
and  unsaturated  solutions,  at  a  number  of  temperatures  be- 
tween 0°  and  100°. 

The  well-defined,  crystalline  hydrates  of  sodium  tetraborate 
have  been  known  for  a  long  time.  The  one,  the  decahydrate, 
Na^B^O,  +  loHjO,  as  "ordinary,"  "  monoclinic,"  or  "  pris- 
matic borax,"*  and  the  other  the  pentahydrate,  Na^B^O, -|- 
5Hj,0,  as  "  octahedral  borax."  ^     These  hydrates  can  be  ob- 

1  Wells  :  Am.  J.  Sci.,  44,  228  (1892). 

2  Walden  :  Ibid.,  45,  128  (1893). 
»  Wells  :  Ibid.,  43,  26  (1892). 

*  Known  to  early  chemists  ;  composition  determined  1747  by  Baron ;  used  by 
Ber2elius  in  determining  atomic  weight  of  boron. 

*  Discovered  by  Payen,  1829 ;  Jsb.,  8,  171 ;  Ding,  polytech.  J.,  a6,  231. 
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tained  from  the  same  solution/  and  in  the  solid  form  the  deca- 
h3^drate  passes  into  the  pentahydrate  when  it  is  heated."  From 
these  facts  an  irregularity  in  the  solubility-curve  of  sodium 
tetraborate  is  to  be  expected,  for,  repeatedly,  experiment  has 
shown  that  a  change  in  the  degree  of  hydration  of  a  salt  and 
a  change  in  the  direction  of  the  solubility-curve  of  that  salt  (in 
water  as  a  solvent)  are  interdependent.' 

According  to  the  data  from  the  measurements  of  the  tension 
of  water-vapor  over  borax,  the  temperature  at  which  the  tran- 
sition of  the  decahydrate  into  the  pentahydrate  is  complete  is 
60°.*  An  irregularity  should  occur  in  the  solubility-cur\''e  at 
the  point  corresponding  to  this  temperature.  However,  when 
the  solubility  of  sodium  tetraborate,  as  determined  by  Pog- 
giale,*  is  represented  in  graphic  form,  the  resulting  curve  un- 
dergoes no  sudden  change  in  direction  throughout  its  course. 
In  fact  it  is  quite  similar  (see  figure)  to  that  of  potassium 
chlorate,®  of  which  no  hydrates  are  known.  Since  no  irregu- 
larity occurs,  the  curve  and  the  corresponding  behavior  of  the 
system  must  be  considered  exceptional,  or  the  data  must  be  as- 
sumed to  be  insufficient  or  erroneous. 

Consideration  of  Poggiale's  method  does  not  lead  one  to  ex- 
pect great  errors,  but  small  ones  would  be  difiicult  to  avoid. 
Assuming  that  the  errors  are  not  great  and  that  an  irregularity 
at  60°  would  appear  in  the  curve  had  enough  determinations 

1  Gernez,  1874  :  Corapt.  rend.,  78,  68  ;  Payen,  1843  :  Jsb.,  32,  147  ;  Ann.  chim.  phys., 
[3].  8,  353  ;  Arzruni,  1876:  Jsb.,  1S76,  p.  224;  Pogg.  Ann.,  158,  250. 

2  Lesceour,  1896:  Ann.  chim.  phys.  [7],  9,  545. 
»  Ostwald  :  "  Solutions"  (tr.  by  Muir),  p.  75. 

*  The  idea  that  56°  is  the  lower  temperature  limit  for  the  existence  of  the  penta- 
hydrate probably  originated  in  Payen's  statement  that  when  borax  is  dissolved  in 
boiling  water  until  the  specific  gravity  of  the  solution  becomes  1.246,  the  pentahy- 
drate separates,  on  cooling,  between  79°  and  56° ;  and  below  56°,  the  decahydrate. 
This  temperature  limit  in  a  solution  of  one  definite  concentration  is  quite  a  different 
thing  from  the  lowest  temperature  at  which  the  pentahydrate  can  exist  in  equilib- 
rium with  its  saturated  solution.  In  fact,  Gernez  has  shown  that  the  pentahydrate 
crystallizes  spontaneously  from  the  proper  supersaturated  solutions  at  temperatures 
as  low  as  8°. 

I.esceour's  measurements  show  that  at  ordinary  temperatures  the  pure  decahy- 
drate is  stable,  not  having  over  it  a  measurable  tension  of  water-vapor.  With  rising 
temperature  the  tension  rises  quite  rapidly  until  60°  is  reached,  when  it  falls  again 
below  the  measurable  limit.  Evidently  at  60°  the  decahydrate  ceases  to  exist.  At 
this  temperature  the  new  hydrate  formed  is  stable.  I,esceour  proved  it  to  be  the 
pentahydrate. 

<>  Ann.  chim.  phys.  [3],  8,  467  (1843). 

6  Etard  :  Compt.  rend.,  108,  177  (1889). 
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of  solubility  at  temperatures  near  60°  been  made,  the  curve  is 
still  exceptional  and  remarkable  in  that,  though  it  is  a  com- 
pound curve,  its  two  parts  have  so  nearly  the  same  direction 
and  curvature  as  to  form  a  continuous  curve  when  joined  to- 
gether. In  this  respect  the  curve  is  unlike  the  larger  number 
of  those  of  salts  having  more  than  one  hydrate  within  the  same 
limits  of  temperature  as  the  curve  is  plotted.  Interpreted  in 
accordance  with  the  accepted  ideas,  this  must  mean  that,  ex- 
cept about  60°,  the  two  different  hydrates  of  sodium  tetraborate 
approximate  quite  nearly  to  having  the  same  heat  of  solution 
in  its  saturated  solution.  Our  knowledge  of  the  act  of  solution 
does  not  contradict  the  possibility  of  this,  but  our  knowledge 
of  a  large  number  of  other  cases  in  point^  warrants  us  in  not 
expecting  two  entirely  different  substances  to  be  exactly  alike 
in  this  one  property. 

As  a  result  of  these  considerations,  we  have  determined  the 
solubility  of  sodium  tetraborate  with  the  view  of  testing  the 
sufficiency  and  accuracy  of  the  data  given  by  Poggiale.  His 
method  consisted  in  evaporating  saturated  solutions  of  borax 
to  dryness  and  weighing  the  residues  after  complete  dehydra- 
tion. Troublesome  frothing  accompanies  this  procedure,  and 
his  practice  was  to  puncture  the  films  in  the  froth  with  a  glass 
point  to  release  the  imprisoned  steam.  Unless  the  temperature 
is  carefully  regulated,  the  salt  is  often  thrown  out  with  consid- 
erable force  and  the  crucible,  in  which  the  experiment  is  being 
carried  out,  broken.  We  adopted  a  method  that  avoids  evapo- 
rations to  dryness.  We  have  determined  the  sodium  tetra- 
borate in  weighed  quantities  of  the  saturated  solutions  by  titra- 
tion (after  dilution)  with  standard  acid,  using  methyl  orange 
as  indicator. 

The  following  table  contains  the  averages  of  our  analyses. 
For  comparison,  Poggiale's  data  are  also  given.  The  numbers 
represent  the  solubility  expressed  as  the  number  of  grams  of 
sodium  tetraborate  (anhydrous  borax)  dissolved  by  100  grams 
of  water.  The  figures  in  the  column  marked  "  U"  were  ob- 
tained by  analyses  of  saturated  solutions  prepared  from  unsatu- 

1  Ztschr.  phys.  Chem.,  s,  198  (1890)  ;  Compt.  rend.,  98,  993,  1276,  1432  (1884)  ;  104, 
1614  (1887)  ;  106,  206,  740  (1SS8)  ;  Anu.  chim.  phys.  [5].  30,  411  (18S3)  ;  J.  Chem.  Soc 
(LiOndon),  Feb.,  1903  (barium  acetate) ;  and  many  other  cases. 
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rated  ones,  an  excess  of  the  salt  remaining  in  contact  with  the 
solution  after  saturation  ;  the  figures  in  the  column  marked 
"S,"  by  analyses  of  saturated  solutions  prepared  from  super- 
saturated ones.  The  supersaturated  solutions  were  filtered  be- 
forehand and  the  experiment  so  conducted  as  to  insure  crys- 
tallization at  or  very  near  the  temperature  at  which  the  solu- 
bility was  desired. 


iperature,  C. 

u. 

s. 

Average. 

Poggiale's  data. 

0° 

1-5 

5° 

1.3 

1.4 

1-3 

10° 

1.6 

1.6 

2-4 

20° 

4.0 

2i°.5 

2.8 

2.8 

2.8 

30° 

4.0 

3-9 

3-9 

6.0 

37°-5 

5-6 

5-7 

5-6 

40° 

8.8 

< 

8.1 

8.1 

8.1 

K 

10.4 

10.6 

10.5 

12.9 

54° 

13-3 

13-3 

13-3 

55° 

14. 1 

14.3 

14.2 

56° 

15.0 

15.0 

15.0 

57° 

15-9 

16.0 

16.0 

60° 

19.4 

20.3 

18.1 

61° 

20.7 

20.4 

62° 

22.0 

20.7 

'5: 

22.0 

21.9 

22.0 

70° 

24-5 

24.4 

24.4 

24.2 

80° 

31.3 

31.5 

3^-4 

31.2 

90° 

40.7 

41.0 

40.8 

40.1 

100° 

52.2 

52.5 

52.3 

55-2 

The  relations  between  the  data  obtained  at  temperatures  from 
60°  to  65°  are  different  from  those  in  other  cases.  The  solu- 
bility as  determined  in  solutions  made  from  unsaturated  solu- 
tions does  not  increase  when  the  temperature  is  raised  from  62** 
to  65°,  and  the  increase  in  solubility  for  each  degree  from  6o* 
to  62°  is  of  a  much  smaller  order  than  that  for  each  degree 
from  54°  to  57°.  At  60"  there  is  a  considerable  difference  in 
the  solubility  depending  on  whether  the  experiment  was  be- 
gun with  an  unsaturated  or  a  supersaturated  solution,  but  the 
general  rule  that  a  greater  value  is  gotten  when  a  supersatura- 
ted solution  is  used  for  the  preparation  of  the  saturated  solu- 
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tion  holds  good, 
of  this  relation, 
results. 


At  6i°  and  62°,  however,  there  is  a  reversal 
The  curve  offers  an  interpretation  for  these 


0°  50"  ,  OCf 

Lower  curve,  Poggiale's  curve  for  sodium  biborate  ;  dotted  curve,  curve  for  potas- 
sium chlorate  ;  upper  curve,  new  curve  for  sodium  biborate.  In  the  upper  curve 
the  ordi nates  have  each  been  changed  to  a  different  value  to  bring  out  more 
clearly  the  relations  ;  ordinate  =  3  X  solubility. 

We  believe  we  have  here  to  deal  with  meta-stability  in  the 
two  hydrates.  That  of  the  decahydrate  is  the  better  defined. 
The  values  for  the  point  on  its  curve  at  62°  were,  after  two  and 
three  hours,  respectively,  22.02  and  21.92.  On  the  other 
hand,  the  values  for  the  point  on  the  curve  of  the  pentahy- 
drate  at  60°  were  20.29  and  20.15  after  two  hours,  and  19.80 
and  19.79  after  three  hours.  We  believe  this  fall  in  solubility 
to  be  due  to  a  transition  (but  partial,  after  three  hours)  of  the 
pentahydrate  into  the  decahydrate.  At  61°,  however,  the 
pentahydrate  is  stable,  the  values  for  the  point  on  its  curve  at 
this  temperature  being,  after  two  and  three  hours,  respec- 
tively, 20.48  and  20.31. 
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There  is  no  evidence  to  be  found  in  this  curve,  nor  in  the 
measurements  of  I^esceour,  pointing  to  the  existence  of  the 
hexahydrate,  Na^B^O,  +  6H2O,  described  by  Biechi/  as  an  in- 
crustation at  the  Tuscan  lagoons. 

Details  of  Experiments. 

In  this  work  we  used  a  water-bath  of  the  type  used  and  de- 
scribed by  A.  A.  Noyes,^  the  shaft  being  turned  by  a  small 
hot-air  engine.  Iron  burette-clamps  were  so  arranged  on  the 
shaft  that  two  bottles  of  about  200  cc.  capacity  each  could  be 
firmly  and  quickly  attached  to  it,  and  as  quickly  removed  from 
it.  The  bottles  were  closed  with  rubber  stoppers,  well  tied  in. 
A  thermometer  with  a  long  scale  of  about  115°  was  used.  By 
constant  attention  and  the  use  of  hot  and  cold  water  and  an  ex- 
tra burner  it  was  possible  to  keep  the  temperature  of  the  water 
in  the  bath  constant  within  ±o°.i.  Kach  experiment  lasted 
from  four  and  a  half  to  six  hours.  Two  hours  after  the  tem- 
perature had  been  adjusted  and  the  shaft  with  bottles  attached 
set  in  motion,  the  bottles  were  removed  from  the  clamps  on  the 
shaft,  the  fastenings  on  the  stoppers  and  the  stoppers  them- 
selves loosened,  and  the  bottles  (loosely  stoppered)  fastened  at 
the  sides  of  the  bath  until  the  liquid  in  them  was  clear,  all  sus- 
pended matter  having  settled.  This  required  from  one-half  to 
one  and  one-half  hours,  depending  on  the  elevation  of  the 
temperature.  When  clear,  specimens  of  the  solutions  were 
taken  for  analysis,  the  bottles  closed,  returned  to  the  shaft, 
agitated  for  one  hour  more,  and  specimens  taken  again  just  as 
before.  Two  hours  were  sufl5cient  for  the  point  of  saturation  to 
be  reached.  The  agitation  for  a  third  hour  did  not  change  the 
value  for  the  solubility. 

Some  of  the  saturated  solution  was  permitted  to  flow  out  from 
the  bottle  in  such  a  way  as  to  rinse  its  neck  and  lip,  before  the 
specimens  for  analysis  were  poured  from  it.  The  specimens 
were  poured  directly  from  the  bottle  into  weighing-tubes  pro- 
vided with  glass  stoppers,  the  weight  of  each  with  its  stopper 
having  been  determined  just  prior  to  the  experiment.  The 
stoppers  were  closed  at  once  to  prevent  loss  by  evaporation, 

1  Am.  J.  Sci.,  [2],  17,  129;  19,  120;  Jsb.,  1854,  p.  867. 
»  Ztschr.  phys.  Chem.,  9,  606  (1892). 
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and  when  cold  the  tubes  and  contents  were  weighed  and  trans- 
ferred to  beakers  containing  hot  water,  in  which  all  salt  that 
had  crystallized  out  dissolved.  When  the  contents  of  the 
beakers  were  cold  they  were  titrated  with  standard  sulphuric 
acid,  using  methyl  orange  as  indicator. 

The  unsaturated  solutions  were  made  by  putting  the  deca- 
hydrate  in  contact  with  water,  in  quantities  but  little  more 
than  sufficient  to  saturate  the  water.  The  supersaturated  solu- 
tions were  made  at  temperatures  about  io°  above  that  of  the 
corresponding  experiment,  and  were  filtered  through  a  hot 
funnel  into  the  bottle,  which  was  immersed  in  a  water-bath  at 
the  same  temperature  as  that  at  which  the  solution  had  been 
made.  The  bottle  was  tightly  stoppered  before  it  was  removed 
from  this  bath,  and  then  transferred  quickly  to  the  large  (solu- 
bility) bath,  the  temperature  of  which  was  from  i°  to  2°  higher 
than  that  at  which  the  solubility  was  to  be  determined.  When 
the  bottles  had  been  attached  to  the  shaft  and  it  had  been 
started  in  motion,  the  temperature  of  the  water  of  the  bath  was 
quickly  reduced  to  that  desired  for  the  experiment  by  the  cau- 
tious addition  of  cold  water.  In  this  way  it  was  assured  that 
crystallization  took  place  at  or  very  near  the  temperature  at 
which  the  solubility  was  being  determined. 

The  borax  used  was   ' '  refined' '   borax  recrystallized  from 

water  till  its  solution  showed  no  trace  of  SO^  or  CI  when  prop- 
erly tested.  The  sulphuric  acid  was  approximately  N/5,  and 
had  been  standardized  by  pure  potassium  tetroxalate  and  by 
pure  borax,  the  standardizations  being  made  by  two  different 
persons  and  checking  up  quite  closely  with  each  other, ^ 

Chemical  Laboratory, 

Bryn  Mawr  College, 

June  I,  1903. 
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The  Medical  Student's  Manual  of  Chemistry.    By  R.  A.  Witt- 
HAUS,  A.M.,  M.D.,  Professor  of  Chemistry,  Physics,  and  Toxicology 
in  Cornell  University  Medical  College,  New  York  City.     Fifth  edi- 
tion.    New  York  :  William  Wood  &  Co.     1902.     pp.  678. 
The  edition  has  about  the  same  scope  as  the  previous  one. 

It  is  intended  to  be  used  by  medical  students  as  a  manual  for 

1  standardized  by  tetroxalate,  i  cc.  contained  0.009577  gram  of  HjSOi ;  by  borax, 
cc.  contained  0.009584  gram  HsSO^. 
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inorganic,  organic,  and  physiological  chemistry.  The  part 
on  organic  chemistry  has  been  in  great  part  rewritten  and 
somewhat  extended.  Covering  as  it  does  so  much  ground  it 
is  well-nigh  impossible  to  present  the  material  in  a  perfectly 
satisfactory  way  within  the  space  allotted. 

In  the  section  on  organic  chemistry,  more  could  perhaps  be 
gained  by  omitting  the  description  of  many  compounds  that 
have  at  present  no  medical  bearing,  and  paying  more  atten- 
tion to  the  methods  of  determining  the  structure  of  a  few 
typical  compounds  and  thus  conveying  a  clearer  idea  of  what 
is  meant  by  structural  formulas.  The  latter  117  pages  are 
devoted  to  physiological  chemistry.  The  part  dealing  with 
the  enzymes  is  entirely  too  brief  when  it  is  remembered  that 
the  book  is  intended  for  medical  students,  and  it  has  not  kept 
pace  with  the  recent  work  in  this  field.  For  instance,  the  old 
distinction  between  formed  and  unformed  ferments  has  hardly 
a  place  in  a  modern  text-book  and  has  been  of  little  more  than 
historical  interest  since  Buchner's  isolation  of  zymase  in  1897. 
There  is  no  justification  for  referring  to  the  catalytic  activity 
of  enzymes  as  "false  fermentations"  (p.  243).  In  many 
places  the  style  is  not  very  clear  and  the  meaning  involved. 
A  few  errors  have  crept  into  the  text,  such  as  on  p.  345,  the 

/C3H3K2 
formula  for  potassium  ferrocyanide  is  given  as   Fe^  , 

\C3H3K, 
etc. 

Throughout  the  book  especial  emphasis  is  placed  upon 
those  substances  of  toxicological  interest  and  on  the  reactions 
used  in  toxicology.  The  great  development  of  the  chemical 
aspect  of  the  medical  sciences  in  recent  years  renders  it  the 
more  urgent  that  the  chemical  training  of  the  medical  student 
be  more  comprehensive  and  fundamental  in  character,  and 
attempts  to  teach  inorganic,  organic,  physiological,  and  clin- 
ical chemistry  from  a  single  book  should  be  discouraged. 
Such  attempts  must  necessarily  be  barren  of  results,  and  can 
only  retard  the  growth  of  the  chemical  aspect  of  medicine. 

A.  s.  L. 

Determination  of  Radicles  in  Carbon  Compounds.  By  Dr.  H. 
Meyer,  Docent  and  Adjunct  of  the  Imperial  and  Royal  German  Uni- 
versity, Prague.  Translated  by  J.  Bishop  Tingle,  Ph.D.,  F.C.S., 
Professor  of  Chemistry  at  Illinois  College,  Jacksonville,  Illinois. 
Second  edition,  rewritten.  i2mo.  pp.  xii  -f-  162.  New  York  :  John 
Wiley  &  Sons.     1903. 

The  first  edition  of  this  book  was  reviewed  in  this  Journai<^ 
soon  after  its  appearance.     Its  usefulness  "  has  been  shown 

1  This  Journal,  33,  451  (1900). 
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by  the  comparatively  quick  exhaustion  of  the  first  edition. 
The  present  issue  has  been  thoroughly  revised  by  Dr.  Meyer 
and  the  writer,  the  whole  work  has  been  reset,  and  more  than 
20  per  cent  of  new  matter  has  been  added,  including  several 
figures."  Several  new  methods  have  been  given,  especially 
for  the  determination  of  alkyls,  carbonyl,  and  the  nitroso 
and  methylene  groups.  It  is  believed  that  the  book  in  its 
present  form  will  prove  even  more  generally  useful  than  the 
first  edition.  c.  E.  w. 

DER   STICKSTOFF   UND    seine  WICHTIGSTEN  VERBINDUNGEN.      By  Dr. 

Leopold  Spiegel,  Privatdocent  an  der  Universitat  Berlin.  Braun- 
schweig :  Friedrich  Vieweg  undSohn.  1903.  gogSeiten.  Geheftet, 
20  Mark  ;  gebunden,  22  Mark. 

This  book  is  intended  to  bring  together  in  convenient  form 
an  account  of  the  more  important  compounds  of  the  element 
nitrogen  in  order  to  facilitate  the  work  of  those  who  would 
otherwise  be  obliged  to  search  through  many  journals  and 
books  to  get  a  clear  idea  of  the  general  relationships  of  their 
own  particular  field  to  the  entire  group  of  nitrogen  com- 
pounds. It  is  intended  to  play  the  part  for  these  that  "  Beil- 
stein"  does  for  the  carbon  compounds.  The  references  to  the 
literature  are  given  as  foot-notes,  and  the  constants  in  tables 
that  follow  the  text  proper,  in  which  the  methods  of  prepara- 
tion and  other  information  are  set  forth.  Thus,  there  are  18 
pages  of  text  devoted  to  the  amines,  imines,  acid  amides, 
amidines,  and  similar  compounds.  Following  this  are  79 
pages  of  tables  in  which  are  given  the  names,  formulas,  melt- 
ing- and  boiling-points,  and  specific  gravities  of  these  sub- 
stances. Sixteen  pages  of  tables  with  similar  information  are 
given  to  the  alkaloids,  and  the  names  of  their  discoverers  and 
the  sources  from  which  they  are  obtained  are  also  stated. 

Among  other  general  subjects  the  following  are  discussed  : 
Nitrogen,  the  halides,  oxides,  sulphides,  and  hydrides  of  ni- 
trogen, the  nitrides,  the  cyanogen  derivatives,  nitrogen  in 
closed  rings,  the  alkaloids,  the  proteids,  analytical  methods, 
etc.  The  book  is  well  printed,  its  arrangement  is  good,  and 
it  should  prove  of  great  value  to  all  chemists,  in  spite  of  one 
or  two  minor  points  in  which  an  improvement  might  be  sug- 
gested, c.  E.  w. 
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A  COMPARATIVE  STUDY  OF  ORTHOSULPHAMINE- 
BENZOIC    ACID    AND    ORTHOCARBAMINE-    ,. 
BENZENESULPHONIC  ACID.^ 

By  Francis  Daniel  Wilson. 

As  methods  are  available  for  the  preparation  of  orthosulph- 
.COOH 
aminebenzoic  acid,  C5H^<^  ,    and  of   orthocarbamine- 

\SO,NH, 

yCONH, 
benzenesulphonic  acid,   CgH^^  ,  and  neither  acid  has 

\SO,OH 
been  studied  with  especial  care,  Professor  Remsen  suggested 
that  I  should  prepare  them  in  considerable  quantity  and  make 
a  comparative  study  of  them. 

Preparation  of  Orthosuiphaminebenzoic  Acid. 

This  acid  was  first  prepared  by  W.  A.  Noyes*  by  oxidizing 
orthotoluenesulphonamide  with  potassium  ferricyanide.  He 
described  it  as  being  easily  soluble  in  alcohol  and  ether  and 
quite  readily  in  cold  water.     He  obtained  it  in  two  different 

'  From  the  author's  dissertation  submitted,  June,  1899,  to  the  Board  of  Univeriity 
Studies  of  the  Johns  Hopkins  University,  in  conformity  with  the  requirements  for 
the  degree  of  Doctor  of  Philosophy.  The  investigation  was  undertaken  at  the  sug 
gestion  of  Professor  Remsen  and  carried  out  under  his  guidanca. 

2  This  Journal,  8,  176. 
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forms — fine  needles  and  large  prisms,  which  appeared  to  be- 
long to  the  monoclinic  system.  He  states  that,  when  rapidly 
heated,  the  acid  melts  at  165°  to  167°,  but  that,  when  slowly 
heated,  it  melts  at  153°  to  155°. 

The  acid  can  be  readily  prepared  by  heating  benzoic  sulph- 
inide  with  sodium  hydroxide.  The  sulphinide  was  purified 
by  the  method  suggested  by  Pope,^  which  consists  in  crystal- 
lizing the  sulphinide  from  acetone.  The  sulphinide  is  more  sol- 
uble in  hot  than  in  cold  acetone.  The  parasulphaminebenzoic 
acid,  which  is  sometimes  found  in  benzoic  sulphinide  as  an 
impurity,  is  insoluble  in  acetone.  This  being  the  case,  it  is  an 
easy  matter  to  separate  the  two  substances.  The  sulphinide 
used  in  the  following  experiments  contained  scarcely  a  trace 
of  parasulphaminebenzoic  acid,  even  before  it  was  treated 
with  acetone.  One  hundred  grams  of  the  sulphinide  required 
about  460  grams  of  acetone. 

When  the  benzoic  sulphinide  is  dissolved  in  hot  acetone,  a 
white,  crystalline  mass  is  deposited  immediately  upon  cooling, 
but  if  the  sulphinide  is  dissolved  in  cold  acetone  and  the  solu- 
tion is  allowed  to  evaporate  spontaneously,  large,  colorless 
rhombohedrons  are  deposited,  some  of  which  are  several  milli- 
meters in  length. 

It  was  found  that,  when  the  benzoic  sulphinide  is  treated 
with  sodium  hydroxide  under  the  following  conditions,  the 
orthosulphaminebenzoic  acid  is  produced  in  nearly  a  quanti- 
tative yield  :  Twenty  grams  of  pure  benzoic  sulphinide  are 
added  to  a  caustic  soda  solution,  prepared  by  dissolving  15 
grams  of  sodium  hydroxide  in  500  cc.  of  water.  This  solu- 
tion was  evaporated  on  a  water-bath  until  the  sweet  taste  of 
the  sulphinide  could  no  longer  be  detected.  The  solution  was 
allowed  to  cool  and  then  filtered.  The  acid  was  precipi- 
tated by  means  of  hydrochloric  acid.  If  the  solution  is  stirred 
vigorously,  after  the  addition  of  h5'drochloric  acid,  the  acid  is 
precipitated  at  once  in  fine  crystals.  If  allowed  to  stand  over 
night  without  disturbance,  large  monoclinic  crystals  are  de- 
posited.    After  filtering,  the  acid  was  dissolved  in  alcohol, 

1  J.  Chem.  Soc,  67,  985. 
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from  which  it  crystallized  in  large,  transparent  rhombohe- 
drons. 

The  acid,  when  heated  slowly,  melted  at  152°  ;  when  heated 
rapidly,  it  melted  at  159°  C  (uncorrected).  It  is  quite  soluble 
in  alcohol  and  water.  Some  of  the  acid  in  a  small  boat  was 
placed  in  a  glass  tube  with  a  diameter  of  about  15  mm.  One 
end  of  the  tube  was  connected .  with  a  bottle  containing  a 
small  quantity  of  sulphuric  acid.  The  other  end  was  con- 
nected with  a  cylinder  which  contained  calcium  chloride. 
By  connecting  this  apparatus  with  a  filter-pump,  a  current  of 
dry  air  could  be  drawn  through  the  tube.  If  the  air  was  al- 
lowed to  pass  rapidly  through  the  tube,  the  acid  was  decom- 
posed when  heated  to  about  128°.  A  white  sublimate,  which 
was  very  sweet,  collected  on  the  wall  of  the  tube.  If  the  cur- 
rent of  air  was  shut  off,  the  acid  decomposed  at  135°  and  white, 
transparent  needles  of  pure  benzoic  sulphinide  collected  on 
the  wall  of  the  tube.  Some  of  the  needles  were  from  10  to  12 
mm.  in  length.    The  acid  contains  no  water  of  crystallization. 

The  acid  crystallizes  in  white,  opaque  needles,  if  the  solu- 
tion is  allowed  to  stand  at  least  one  week  before  crystallization 
takes  place.  The  needles  melt  at  152°.  The  needles  are 
more  soluble  in  water  than  the  plates.  This  form  of  the  acid 
contains  water  of  crystallization.  Below  100"  it  lost  just  0.5 
molecule  of  water. 

Calculated  for 
.COOH 
CsHi^  +  iHsO.  Found. 

HjO  4.29  4.28 

When  dissolved  in  alcohol,  the  needles  crystallize  from  the 
solution  in  plates  which  melt  at  152*.  The  needles  decom- 
posed when  heated  to  about  115°,  and  a  white  sublimate  col- 
lected on  the  walls  of  the  tube.  The  sublimate  was  very 
sweet. 

Ten  grams  of  benzoic  sulphinide  were  added  to  a 
caustic  soda  solution,  which  was  prepared  by  dissolving  20 
grams  of  caustic  soda  in  250  cc.  of  water.  The  solution  was 
treated  in  the  same  way  as  the  previous  solution.  After 
treating  the  solution  with  hydrochloric  acid,  if  it  is  allowed  to 
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stand  over  night,  the  acid  crystallizes  out  in  the  form  of 
needles.  These  proportions  give  nearly  a  quantitative  yield 
of  the  acid  in  the  form  of  needles. 

A  careful  examination  of  the  needles  showed  that  they 
agreed  in  every  respect  with  the  needles  obtained  by  the  re- 
crystallization  of  the  plate  acid  from  water.  They  melted  at 
152°.  If  the  temperature  is  kept  at  152°  for  a  while,  the  acid 
is  changed  to  a  solid  which  melts  at  215°.  If  heated  in  the  ap- 
paratus previously  described,  the  needles  lose  0.5  molecule  of 
water  of  crystallization  below  100°  C. 

I.  0.3484  gram  acid  lost  0.0150  gram  H^O  at  90°. 

II.  0.2920  gram  acid  lost  0.0119  gram  H^O  at  98°. 

Calculated  for  Found. 

/COOH 
CghZ  +  JH«0.  I.  II. 

\sOoNH2 

H,0  4-29  4-30  4-1  I 

If  a  current  of  air  was  allowed  to  flow  rapidly  through  the 
tube,  the  acid  decomposed  at  115"  and  was  partially  fused. 
When  the  current  of  air  was  cut  off  entirely,  the  acid  decom- 
posed at  145°.  The  acid  was  heated  at  this  temperature  for 
about  six  hours.  During  this  time  beautiful,  transparent 
needles  of  pure  benzoic  sulphinide,  some  of  which  were  several 
millimeters  in  length,  collected  on  the  walls  of  the  tube. 
The  needles  were  extremely  sweet  and  melted  at  223°  to  224° 
(uncorrected).  By  taking  proportions  intermediate  between 
the  proportions  used  in  the  previous  experiments  (15  grams  of 
sodium  hydroxide  with  the  same  amount  of  benzoic  sulphinide 
and  water),  a  mixture  is  obtained  which  consists  partly  of  the 
plate  acid  and  partly  of  the  needle  acid.  On  account  of  the 
difference  in  solubility,  they  can  easily  be  separated,  the  plates 
being  less  soluble  than  the  needles. 

All  of  the  salts  of  orthosulphaminebenzoic  acid  crj'stallize 
from  water  solution  in  well-formed  crystals.  All  of  them  con- 
tain water  of  crystallization  with  the  exception  of  the  mono- 
silver,  potassium,  and  ammonium  salts.  Without  exception, 
they  all  become  sweet  when  they  lose  their  water  of  crystal- 
lization. 


A  Comparative  Study  of  Certain  Adds.  357 

All  the  salts  decompose  at  a  few  degrees  above  the  tempera- 
ture at  which  they  give  off  their  water  of  crystallization. 

.COONa 
Sodium  Orthosulphaminebenzoate.Q.^^  . — Thissailt 

crystallizes  from  an  exceedingly  concentrated  water  solution  in 
fine,  silky  needles.  Only  a  few  needles  were  obtained  from  a 
solution  which  was  allowed  to  stand  several  weeks  in  a  small 
test-tube.  Even  then  a  slight  disturbance  of  the  tube  would 
cause  the  needles  to  redissolve.  As  a  general  rule,  the  salt  is 
deposited  as  a  white,  amorphous  mass.  The  salt  becomes 
sweet  by  simply  exposing  it  to  the  air  for  a  short  while.  The 
salt  was  dried  (with  drying-paper)  and  analyzed  at  once. 
The  percentage  of  sodium  agreed  with  1.5  molecules  of  water 
and  the  percentage  of  water  of  crystallization  agreed  with  2.5 
molecules  of  water. 

I.  0.21 14  gram  salt  lost  0.0357  gram  H^O  below  110°. 

II.  0.2210  gram  salt  lost  0.0375  gram  H^O  below  110°. 

III.  0.2628  gram  salt  lost  0.0442  gram  HjO  below  110°. 

Calculated  for  Found. 

XOONa 
C6H4/  +25H2O.         I.  11.  III. 

^SOoNHj 

H,0  16.79  16.88         16.96         16.81 

Calculated  for  Found. 

.COONa 
C«H4<  +iiH20.  I.  II.  III. 

\sO3NH2 

Na  9.20  9.10         9.12         9. II 

A  few  of  the  needles  were  obtained  and  a  determination  of 
the  sodium  agreed  with  2.5  molecules  of  water. 
I.  0.0174  gram  salt  gave  0.0046  gram  NajSO^. 
II.  0.1945  gram  salt  gave  0.0546  gram  NajSO^ 

Calculated  for  Found. 

/COONa 
CbHZ  +2JH2O.  I.  II. 

\sO2NH2 

Na  8.58  8.62  8.58 

Potassium,  Orthosulphaminebenzoate ,  CgH^^  . — This 

\SO,NH, 
salt  is  extremely  soluble  in  water  ;  insoluble  in  methyl  alco- 
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hoi.  It  is  deposited  from  a  water  solution  as  a  white,  amor- 
phous mass.  It  crystallizes  from  a  mixture  of  alcohol  and 
water  in  large,  transparent  plates. 

I.  0.1445  gram  salt  gave  0.0528  gram  K.SO^. 
II.  0.1265  gram  salt  gave  0.0457  gram  KjSO^. 

Calculated  for  Found. 

/COOK 
CsHZ  I.  II. 

^SOsNHj 

K  16.32  16.33  16.20 

Calcium  Orthosulpkaminebenzoate, 


\  \SO,NH,/ 


Ca  -h  2H2O. — This    crystallizes    from    a 


water  solution  in  well- formed,  transparent  crystals. 

If  crystallization  takes  place  at  once,  well-formed  crystals 
are  obtained ;  but  if  the  solution  is  allowed  to  stand  several 
days,  the  salt  is  deposited  as  a  white,  crystalline  mass. 
I.  0.5475  gram  salt  lost  0.0414  gram  HjO  below  140*. 

II.  0.3776  gram  salt  lost  0.0277  gram  H^O  below  140°. 


I.  0.2 114  gram  salt  gave  0 

.0598  gram  CaSO^. 

I.  0.2926 

gram  salt  gave  0 

.0829  gram  CaSO,. 

Calculated  for 

Found. 

|C6H4<'                 UCa  +  sHjO.            I. 

II. 

Ca 

8.40 

8.27 

8.30 

H,0 

7.56 

7.57 

7.33 

Barium  Orthosulphaminebenzoate, 

f  /^^^       \ 

[  CgH/  ),  -f  3HjO.— This  salt  is  quite  soluble  in 

V  \SO,NH,/ 

water  and  fairly  soluble  in  alcohol.  It  crystallizes  from  a 
water  solution  in  transparent  plates,  and  sometimes  it  crys- 
tallizes from  a  water  solution  in  needles  in  the  form  of 
rosettes.  It  crystallizes  in  needles  from  alcohol  solution.  It 
agrees  in  every  respect  with  the  salt  prepared  by  W.  A. 
Noyes^  with  the  exception  of  the  number  of  molecules  of 
water  of  crystallization.     Noyes  prepared  two  salts,  one  with  2 

1  Loc,  cit. 


A  Comparative  Study  of  Certain  Acids.  359 

molecules  and  another  with  9  molecules  of  water  of  crystalliza- 
tion. This  salt  loses  its  water  of  crystallization  when  ex- 
posed to  the  air. 

0.1823  gram  salt  lost  0.0171  gram  H,0  below  150°. 
I.  0.1214  gram  salt  gave  0.0483  gram  BaSO^. 

II.  0.1076  gram  salt  gave  0.0426  gram  BaSO^. 

Calculated  for  Found. 

/  XOO       \ 

I  C«H4<  )  jBa  +  3HsO.  I.  II. 

\  ^SOjNH./ 

Ba  23.18  23.39  23.32 

H30  914  914  •••• 

Strontium  Orthosulphaminebenzoate, 


/         /COO       \ 
\  \SO,NH,/ 


Sr  +  2HjO. — If  the  solution  is  allowed  to 


evaporate  spontaneously,  this  salt  crystallizes  in  long,  trans- 
parent, needle-like  crystals,  some  of  which  are  3  or  4  mm.  in 
length.  The  crystals  remain  transparent  when  exposed  to  the 
air. 

I.  0.2151  gram  salt  lost  0.0150  gram  HjO  below  140°. 

I.  0.1385  gram  salt  gave  0.0486  gram  SrSO^. 
II.  0.2231  gram  salt  gave  0.0783  gram  SrSO^. 

Calculated  for  Found. 

(C«H4<  ),Sr  +  jHjO.  I.  n. 

\  ^SOaNHj/ 

Sr  16.71  16.71  16.67 

H,0  6.87  6.97 

^inc  Orthosulphaminebenzoate, 


\         \S0,NH,/ 


Zn  -|-  3H,0.— Two   grams    of    the    acid 


were  dissolved  in  a  sufficient  quantity  of  water  and  pure  zinc 
carbonate  was  added  till  the  solution  was  neutral.  The  solu- 
tion was  evaporated  to  a  slight  extent,  and  allowed  to  stand  in 
a  desiccator  over  night.  Short,  opaque,  needle-like  crystals 
were  deposited  during  the  night.  If  the  solution  is  allowed 
to  evaporate  spontaneously,  after  several  days  large,  trans- 
parent, needle-like  crystals  are  deposited,  some  of  which  were 
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from  I  to  2  cm.  in  length.  The  crystals  do  not  lose  their  trans- 
parency when  exposed  to  the  air.  The  salt  is  fairly  soluble 
in  water. 

I.  0.0809  gram  salt  lost  0.0081  gram  H,0  below  130°. 
II.  0.0690  gram  salt  lost  0.0070  gram  H,0  below  130°. 
I.  0.0449  gram  salt  gave  0.0137  gram  ZnSO^. 
II.  0.0621  gram  salt  save  0.0192  gram  ZnSO^. 
III.  0.1476  gram  salt  gave  0.0456  gram  ZnSO^. 

Calculated  for  Found. 

/  .COO       \ 

{  C«H4<  IsZn  +  sHjO.       I.  11.  III. 

V       \so»nhJ 
Zn  12.59  12.24         12.40         12.46 

HjO  10.39  10.01         10.15  .... 

The  zinc  salt  was  also  prepared  from  the  needle  acid  in 
order  to  compare  it  with  the  zinc  salt  prepared  from  the  plate 
acid.  The  two  salts  resemble  one  another  in  every  respect 
with  one  exception.  The  solution  of  the  salt  from  the  needle 
acid,  when  allowed  to  evaporate  spontaneously,  deposited 
large,  opaque,  needle-like  crystals  instead  of  the  transparent 
needles  obtained  from  the  plate  acid. 

0.0652  gram  salt  gave  0.0201  gram  ZnSO^. 

0.0138  gram  salt  lost  0.0138  gram  H^O  below  150°. 


Calculated  for 
CsHZ  )  jZn  +  3H3O. 


^SOaNHjy 

Zn  12.59  12.42 

HjO  10.39  10.64 

Magnesiufn  Orthosulphaminebenzoate, 


\  \SO,NH,y 


,Mg  -f  4H2O. — This  salt   crystallizes    in 


well-formed,  transparent  needles,  which  are  deposited  in  the 
form  of  rosettes.     It  is  extremely  soluble  in  water. 
I.  0.1850  gram  salt  lost  0.0270  gram  below  175°. 
•  II.  0.2458  gram  salt  lost  0.0355  gram  H,0  below  175°. 
I.  0.2129  gram  salt  gave  0.0519  gram  MgSO^. 
II.  0.1726  gram  salt  gave  0.0425  gram  MgSO^. 
III.  0.1416  gram  salt  gave  0.0341  gram  MgSO^. 
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Calcniated  for  Pound. 

|C,Hy  )jMg+4HsO.       I.  II.  III. 

V  ^SOjNHs/ 

Mg  4.84  4.84  4.92  4.81 

H,0  14.52  14.59         14.42  .... 

Copper  Orthosulphaminebenzoate, 

jCu  -|-  3HjO. — This    forms     large,    blue, 


/  .COO       \ 

\  \SO,NH,/ 


feathery  needles,  some  of  which  are  more  than  a  centimeter  in 
length.  The  salt  is  insoluble  in  alcohol  and  very  difl&cultly 
soluble  in  water.  The  salt  turned  a  deep-green  color  when  it 
lost  its  water  of  crystallization. 

I.  0.1369  gram  salt  lost  0.0144  gram  H^O  below  170°. 
II.  0.0895  gram  salt  lost  0.0095  gram  HjO  below  170°. 
III.  0.0951  gram  salt  lost  0.0085  gram  HjO  below  170°, 
I.  0.1684  gram  salt  gave  0.0209  gram  CuO. 
II.  0.3018  gram  salt  gave  0.0456  gram  CuO. 

Calculated  for  Found. 

(ch/  ),Cu  +  3Hs0.  I.  n. 

Cu  12.23  12.41  12.32 

HjO  10.44  10.51  10.91 

Monosilver  Orthostdphaminebenzoate. — This  was  prepared  by 
neutralizing  2  grams  of  the  acid  with  ammonium  hydroxide, 
and  then  boiling  the  solution  until  no  odor  of  ammonia  could 
be  detected.  Silver  nitrate  was  added  to  the  solution  until  no 
further  precipitation  took  place.  By  allowing  the  solution  to 
stand  over  night,  fine,  feathery  needles  of  a  light-gray  color 
were  deposited.  The  salt  is  soluble  in  hot  water,  but  insolu- 
ble in  cold  water.  It  becomes  dark  when  exposed  to  the 
light.  It  resembles,  in  every  respect,  the  salt  prepared  by 
Noyes^  by  the  same  method. 

I.  0.0875  gram  salt  gave  0.0307  gram  Ag. 

II.  0,1171  gram  salt  gave  0.0412  gram  Ag. 

Calculated  for  Found. 

/COOAg 
C»hZ  I.  II. 

^SOjNHs 

Ag  3506  35.08  35.17 

»  Loc.  Clt. 
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Disilver  Orthosulphaminebenzoate , 

CgH^^  +  HjO.— This  was  prepared  by  neutralizing 

\SO,NHAg 
about  2  grams  of  acid  with  ammonium  hydroxide  and  then 
adding  about  three-fourths  as  much  ammonium  hydroxide  in 
excess  as  was  required  to  neutralize  the  solution.  Silver  ni- 
trate was  added  until  no  further  precipitation  took  place. 
The  salt  was  deposited  as  a  white,  amorphous  mass,  which 
dissolves  in  boiling  hot  water.  By  allowing  the  solution  to 
stand  over  night,  the  salt  separated  out  in  the  form  of  silver- 
colored  leaflets,  which  became  dark  when  exposed  to  the 
light.  This  salt  is  much  less  soluble  in  water  than  the  mono- 
silver  salt,  and  resembles  in  every  respect,  with  one  excep- 
tion, the  disilver  salt  prepared  by  Noyes^  by  treating  the 
barium  salt  with  silver  nitrate.  This  salt  contains  i  mole- 
cule of  water  of  crystallization. 

The  salt  was  thoroughly  dried  and  was  allowed  to  remain 
wrapped  in  drying-paper  for  one  week.  It  was  then  heated 
to  140°  in  the  apparatus  previously  described.  The  current  of 
air  was  cut  off  and  water  could  be  distinctly  seen  as  it  col- 
lected as  drops  in  both  ends  of  the  tube.  After  losing  its 
water,  it  becomes  dark-brown  in  color. 

I.  0.1231  gram  salt  lost  0.0053  gram  H^O  at  167°. 
I.  0.1867  gram  salt  gave  0.0933  gram  Ag. 

II.  0.1097  gram  salt  gave  0.0549  gram  Ag. 


50.04 


XOONH, 
Ammonium    Orthosulphaminebenzoate  ^    CgH^^  . — 

\SO,NH, 

This  is  quite  soluble  in  water  and  crystallizes  from  a  water 
solution  in  transparent  plates.  It  contains  no  water  of  crys- 
tallization, but  becomes  very  sweet  when  heated  to  125°,  and 
decomposes  quite  easily. 


Calculated  for 
/COOAg 
CsHZ                      .+  HjO. 
\sO2NHAg 

I. 

g                         49.88 

49-97 

:.o            4.15 

4.30 
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Action  of  Phosphorus  Oxy chloride  on  the  Sulphamine  Acid, 

Five  grams  of  the  acid  were  mixed  with  5  grams  of  phos- 
phorus oxychloride  and  heated  on  a  water-bath  for  two  hours. 
No  chloride  was  formed.  All  of  the  acid  was  converted  into 
benzoic  sulphinide  : 

/COfOH""!  /CO. 

C,h/       t™    j   =   CeH/        >NH-f  H,0. 
^SOjNHjHi  \S0/ 

Preparation  of  the  Diamide,  CgH^^ 

^SO.NH, 

Ten  grams  of  the  acid  were  mixed  with  6  grams  of  ammo- 
nium sulphocyanate.  The  mixture  was  heated,  in  a  closed 
bath,  for  three  days.  During  this  time  it  was  frequently 
stirred.  As  the  acid  is  converted  into  benzoic  sulphinide  at 
quite  a  low  temperature,  the  mixture  was  heated  from  90'  to 
100°  the  first  day,  from  130"  to  135°  the  second  day,  and  from 
150°  to  160°  the  third  day.  The  mass,  which  is  of  a  light- 
brown  color,  is  allowed  to  cool,  when  it  becomes  brittle.  It 
is  then  pulverized  and  treated  with  boiling  alcohol,  in  which 
it  is  soluble.  After  filtering,  the  solution  is  allowed  to  cool, 
when  light-colored  needles  are  deposited.     Melting-point  263°. 

Analyses  gave  the  following  results  : 
I.  0.1296  gram  diamide  gave  0.1528  gram  BaSO^. 
I.  0.1565  gram  diamide  gave  0.0209  gi'^d  N. 

II.  0.1413  gram  diamide  gave  o.oi85  gram  N. 

Calculated  for  Pound. 

x:ONH3 
C,H4<  I.  II. 

S  16,00  l6.20  .... 

N  14.00  13.35  13.27 

I  am  indebted  to  Mr.  C.  E.  Waters  for  the  nitrogen  deter- 
minations. He  observed  the  fact  that  the  ammonia 
is  giv^n  off  in  two  different  stages.  One  portion  of  the  am- 
monia was  given  eS  when  the  sodium  hydroxide  solution  was 
dilute.  After  heating  some  time,  the  second  portion  was  given 
off  when  the  solution  had  become  very  concentrated. 
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Preparation  of  Orthocarbaminebenzenesulphonic  Acid. 

This  acid  was  first  pirepared  by  Fahlberg  and  Barge'  by  the 
following  method  :  Orthosulphobenzoic  anhydride,  when 
treated  with  ammonia,  reacts  according  to  this  equation  : 

C.H,/         >0  +  2NH,     =     CeH  /    :  • 

The  ammonium  "salt,  when  treated  with  silver  nitrate,  is 
easily  converted  into  the  silver  salt.  The  free  acid  is  obtained 
by  treating  the  silver  salt  with  sulphuric  acid. 

They  describe  the  acid  as  crystallizing  in  thick,  prismatic 
crystals,  which  are  easily  soluble  in  water  and  alcohol,  and 
contain  i  molecule  of  water  of  crystallization.  Melting-point 
185°  to  186°  (uncorrected).  By  melting  the  acid  with  potas- 
sium hydroxide,  amraonia  is  given  off,  but  when  simply  heated 
no  ammonia  is  given  off. 

The  acid  was  prepared  later  by  Jesurun*  by  heating  ortho- 
cyanbenzenesulphone  chloride  with  water  or  alcohol. 

Karslake*  also  obtained  the  acid  by  hydrolysis  of  ortho- 
cyanbenzenesulphonic  acid  by  means  of  dilute  alkali : 

C,h/         •      +  H,0     =     QH  /       •        . 
\SO,OH  ^SO^OH     . 

The  potassium  salt  of  the  acid  can  be  obtained  in  any  de- 
sired quantity  by  treating  the  acid  potassium  salt  of  ortho- 
sulphobenzoic acid  with  ammonium  sulphocyanate.* 

The  substances  were  mixed  together  in  the  proportion  of 
5  parts  of  acid  potassium  salt  to  3  parts  o\  ammonium  sulpho- 
cyanate.  The  mixture  was  heated  in  a  closed  bath  for  three 
days  at  a  temperature  of  from  180°  to  200°  C.  During  this 
time  it  was  occasionally  stirred.  The  mass,  which  is  of  a 
brown  color,  is  allowed  to  cool,  when  it  becomes  a  stiff  cake. 
It  is  then  finely  pulverized  and  digested  with  boiling  alcohol 
several  times.  ,  The  potassium  salt  of  the  acid,  which  is  in  the 

1  Ber.  d.  chem.  Qes.,  aa,  758.,  .      .    ,     . 

2  Ibid.,  36,  2288.  '  .;..'■•■. 
'  Disscrtatidii,  Johns  Hopkios  UTiiv«irsity  (1896),  pagelS;         *: 

*  Englis^.  Patent,  Newton  &  Son,  Felsruary  23, .1895..  .  . 
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form  of  sandy  crystals,  was  separated  from  the  alcohol  by  fil- 
tering. The  salt,  when  recrystallized  from  water,  separates 
out  in  large,  transparent  plates. 

When  the  potassium  salt  is  treated  with  silver  nitrate  in 
the  proportion  of  their  molecular  weights,  reaction  takes  place 
with  the  greatest  ease  with  the  formation  of  the  silver  salt  of 
orthocarbaminebenzenesulphonic  acid.  The  acid  is  obtained 
by  treating  the  silver  salt  with  hydrochloric  acid.  The  acid 
crystallizes  from  a  very  concentrated  water  solution  in  large,, 
thick,  transparent  crystals,  which  are  quite  soluble  in  alco- 
hol. Melting-point  193°  to  194°  (uncorrected).  The  crystals 
remain  transparent  when  exposed  to  the  air.  It  does  not  be- 
come sweet  when  it  loses  its  i  molecule  of  water  of  crystalliza- 
tion, neither  does  it  become  sweet  by  continued  heating.  It 
decomposes  when  heated  to  125°. 

I.  0.2691  gram  acid  lost  0.0228  gram  H,0  below  120°. 

II.  0.2585  gram  acid  lost  0.0214  gram  H^O  below  120°. 

Calculated  for  Found. 

/CONH2 
CbHZ  +  HjO.  I.  II. 

^SOaOH 

H,0  8.22  8.47  .  8.27 

The  salts  of  this  acid  do  not  crystallize  as  well  as  the  salts 
of  orthosulphaminebenzoic  acid,  but  are  much  more  soluble 
in  water.  Most  of  the  salts  contain  water  of  crystallization 
but  they  do  not  become  sweet  when  they  lose  their  water, 
neither  do  they  become  sweet  when  they  are  decomposed. 

Potassium  Orthocarbaminebensenesulphonate, 
/CONH, 
CfiH^v  -|-  HjO. — This  salt  crystallizes  from  a  water 

>SO,OK 

solution  in .  large,  transparent  plates.  It  is  quite  soluble  in 
water  and  in  alcohol.  It  crystallizes  from  alcohol  in  needles. 
The  salt  is  deliquescent.  If  the  large,  transparent  crystals  are 
placed  in  a  beaker  and  covered  with  water,  the  moment 
they  become  warm  a  crackling  sound  can,  be  distinctly  heard 
some  distance  from  the  water- bath.  The  crystals  become 
opaque  and  crumble  to  pieces.     This  phenomenon  is  doubt- 
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less  due  to  the  fact  that  the  salt  loses  its  water  of  crystalli2a- 
tion  very  easily.     In  this  instance  it  loses  it  under  water. 

A  similar  salt  is  described  by  Remsen  and  Karslake/  derived 
from  cyanbenzenesulphonic  acid,  and  by  Sohon,*  derived  from 
the  ammonium  salt  of  benzaminesulphonic  acid. 

I.  0.3439  gram  salt  lost  0.0239  gram  H,0  below  too°. 
II.  0.5499  gram  salt  lost  0.0380  gram  H,0  below  lOO*. 
III.  0.4801  gram  salt  lost  0.0331  gram  H,0  below  100°. 
I.  0.4660  gram  salt  gave  0.1583  gram  K,SO«. 
II.  0.4904  gram  salt  gave  0.1657  gram  KjSO^. 
III.  0.4246  gram  salt  gave  0.1441  gram  K,SO^. 

CalcQlated  for  Pound. 

^CONHs 

CfrttiC  +  H20.         I.  n.  HI. 

^SOjOK 

K  15.21  15.21         15.11         15.21 

H,0  7.00  6.94  6.91  6.89 

Silver  OrthocarbaminebenzenesulphonaU^ 
/CONH, 
CjHZ  +  H,0.— When    the  potassium   salt  of  the 

\SO,OAg 
carbamine  add  in  solution  is  treated  with  silver  nitrate  in  the 
proportion  of  their  molecular  weights,  the  silver  salt  is  formed. 
The  salt  which  is  fairly  soluble  in  water  crystallizes  in  large, 
monoclinic,  transparent  plates.  It  is  decomposed  when 
brought  in  contact  with  wet  filter-paper  and  becomes  dark 
when  exposed  to  the  light  for  any  length  of  time. 

This  salt  resembles  in  every  respect  the  salt  prepared  by 
Fahlberg  and  Barge'  by  treating  the  ammonium  salt  of  the 
carbamine  acid  with  silver  nitrate. 

I-  0.3557  gram  salt  lost  0.0193  gram  H,0  below  136°. 
II.  0.4136  gram  salt  lost  0.0228  gram  H3O  below  136". 
I.  0.2362  gram  salt  gave  0.0784  gram  Ag. 
II.  0.3681  gram  salt  gave  0.1215  gram  Ag, 

Calculated  for  Pound. 

/CONHa 
C«Hi<  +  HaO.  r.  II. 

^SOjOAg 

Ag  33.14  13.19  33.00 

H,0  552  5.45  5.51 

>  This  JouaHAL,  li,  815. 

*/h<f.,ao,  «?«• 

»  Ber.  d.  chcm.  Ges.,  aa,  759. 
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Trisilver  Orthocarbaminehenzenesulphonate , 

yCONAg, 
CgH  /  .—A  small  quantity  of  potassium  orthocarb- 

\SO,OAg 
aminebenzenesulphonate  was  dissolved  in  water  and  2  drops 
of  ammonia  were  added  to  the  solution.  A  hot  solu^. 
tion  of  silver  nitrate  was  added  until  no  further  precipitate 
was  formed.  The  salt  was  deposited  as  a  white,  amorphous 
mass,  which  was  insoluble  in  boiling  water.  The  salt  becomeS' 
dark  when  exposed  to  the  light  and  is  extremely  stable.  It- 
was  with  the  greatest  difficulty  that  it  was  decomposed^ 
Therefore,  the  following  analysis  cannot  be  reported  with  con- 
fidence : 

Calculated  for 
/CONAgra 
C4H4<  Found, 

^SOjOAg 

Ag  62.07  62.56 

Sodzum  Orthocarbaminehenzenesulphonate^ 


/ 


CONH, 


CgH4<'  -|-  2HjO. — This  salt  was  prepared  by  treat- 

\SO,ONa 
ing  the  silver  salt  with  sodium  chloride.     It  is  quite  soluble 
in  water,  from  which  solution  it  crystallizes  in  large,  trans- 
parent plates,  which  belong  to  the  monoclinic  system. 

This  resembles  in  every  respect  the  salt  described  by  Rem- 
sen  and  Karslake.* 

I.  0.1 77 1  gram  salt  lost  0.0246  gram  HjO  below  145*. 
II.  0.1572  gram  salt  lost  0.0217  gram  H,0  below  145°. 
I.  0.1186  gram  salt  gave  0.0324  gram  NajSO^. 
II.  0,0386  gram  salt  gave  0.0034  gram  NajSO^. 

Calculated  for  Found. 

/CONH2 
C6H4<(  +  2H2O.  I.  II. 

\sO2ONa 

Na  8.88  8.85  8.80 

H,0  13.85  13.89  13.80 

Barium  Orthocarbaminebemenesulpkonate, 


( 


/ConhA 

C,H  /  |,Ba  -f  2H,0.— This  salt  was  prepared  by 

\so,o   / 
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treating  the  silver  salt  with  hydrochloric  acid  and  then  add- 
ing pure  barium  carbonate  to  the  point  of  neutralization. 
The  salt  crystallized  in  transparent  plates  from  a  very  concen- 
trated water  solution. 

The  percentage  of  water  of  crystallization  agrees  with  2 
molecules  of  water.     The  percentage  of  barium  agrees  with 
2.5  molecules  of  water.     The  following  analyses  were  made  of 
different  portions  of  the  salt  prepared  at  different  times  : 
I.  0.1787  gram  salt  lost  0.0114  gram  HjO  below  175°. 

II.  0.2194  gram  salt  lost  0.0138  gram  H^O  below  175°. 
I.  0.0887  gram  salt  gave  0.0357  gram  BaSO^. 

II.  0.1584  gram  salt  gave  0.0637  gram  BaSO«. 

Calculated  for  Found. 

/CONHaX 


l8<  I  Ba  +  2H2O. 

^SOjO     / 


H,0  6.28  6.37  6.28 

Calculated  for       ■  Found. 

^CONHaX 


(J 

Ba  23.54  23.66  23.61 

Strontium  Orthocarbaminebenzenesulphonate , 

/       /CONhA 

[   CgHX  JjSr. — This  salt  was  prepared  just  as  the 

V         \sO3O     / 

corresponding   barium  salt   by   using   strontium   carbonate. 
The  salt  separated  out  of  an  extremely  concentrated  water 
solution  in  small,  transparent  crystals  with  no  definite  form. 
I.  0.2145  gram  salt  gave  0.0815  gram  SrSO^. 
II.  0.2017  gram  salt  gave  0.0764  gram  SrSO^. 

Calculated  for  Found. 

(C.H4<  IgSr.  I.  II. 

V  ^SOaO     / 

Sr  17.95  18.08  18.04 

Calcium  Ortkocarbaminebemenesulpkonaie , 


\      \so,o    J 


,Ca  +  2H2O. — This  salt  was  prepared  just 
as  the  corresponding  strontium  salt  by  using  pure  calcium 
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carbonate.     The  salt  crystallized  in  large,  transparent  plates 
from  a  very  concentrated  water  solution. 

I-  0-1333  gram  salt  lost  0.0097  gram  HjO  below  185°. 
II.  0.1986  gram  salt  lost  0.0150  gram  H^O  below  185°. 
I.  0.1 169  gram  salt  gave  0.0332  gram  CaSO^. 
II.  0.1 127  gram  salt  gave  0.0323  gram  CaSO^. 


Calculated  for  Found. 


/CONHsN 
CeHi^r  J  sCa  +  aHaO. 


Ca  7.56  7.28  7.55 

H,0  8.40  8.29  8.43 

Zinc  Ortkocarbaminebemenesulphonate, 

(       /ConhA 

I  CfiHX  rZn  +  3H,0.— This  salt  was  prepared  by 

\       \so,o    J 

treating  the  acid  with  pure  zinc  carbonate.  The  salt  is  de- 
posited from  a  very  concentrated  water  solution  in  the  form  of 
short,  thick  needles.     It  is  efflorescent. 

I.  0.2187  gram  salt  lost  0.0227  gram  H3O  below  150°. 
II.  0.2477  gram  salt  lost  0.0256  gram  H^O  below  150°. 
I.  0.0934  gram  salt  gave  0.0286  gram  ZnSO^. 
II.  0.1022  gram  salt  gave  0.0320  gram  ZnSO^. 

Calculated  for  Found. 


:ONH2\ 
C«H< j«+3HsO. 


^SOaO 


Zn  12.59  12.31  12.62 

HjO  10.39  IO-37  10.34 

Magnesium  Carbaminebemenesulphonate, 

f\-  2HjO. — This  salt  was  prepared  just  as 


/      /CONhA 


the  zinc  salt  by  using  pure  magnesium  carbonate.  The  salt 
separates  out  as  a  crystalline  mass  from  a  very  concentrated 
water  solution. 

I.  0.1983  gram  salt  lost  0.0146  gram  H,0  below  140°. 
II.  0.2002  gram  salt  lost  0.0158  gram  HjO  below  140". 
I.  0.1204  gram  salt  gave  0.0310  gram  MgSO^. 
II.  0.1904  gram  salt  gave  0.0490  gram  MgSO^. 
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Calculated  for  Found. 

/  .CONHsX 

(  C8H4<  )jMg  +  2H,0.  I.  11. 

V  \sO2O     / 

Mg  5.22  5.14  5.14 

H,0  7.82  7.36  7.89 

Copper  Orthocarbaminebenzenesulphonate^ 

jCu  +  4H2O. — This  salt  was  prepared  by 


/         .conhA 


boiling  the  acid  with  copper  oxide  on  a  water-bath.  When 
allowed  to  cool  the  salt  was  deposited  in  beautiful,  deep-blue 
plates.  When  the  salt  loses  its  water  of  crystallization  it  be- 
comes gray.  If  a  small  quantity  of  water  is  added  to  the 
gray  salt,  it  becomes  light-blue. 

I.  0.1 761  gram  salt  lost  0.0240  gram  H3O  below  200°. 
II.  0.1760  gram  salt  lost  0.0240  gram  H^O  below  200°. 
I.  0.1083  gram  salt  gave  0.0127  gram  CuO. 
II.  0.0435  gram  salt  gave  0.0064  gram  CuO. 


Calculated  for  Pound. 

^CONH2\ 

'■SOjO 

Gu  11.86  11.72  11.72 

H2O  13.45  13-62  13.63 


C«H4<  )  jCu  +  4H2O. 


Ammonium  Orthocarbaminehenzenesulphonate , 

CgH^^  . — This  salt  crystallizes  from  a  concentrated 

\SO,ONH, 
water  solution  in  large  plates.     One  plate  obtained  was  at 
least  2.5  cm.  in  length.     After  heating  the  salt  up  to  140°  no 
sweet  taste  could  be  detected.     It  melts  at  262°  to  263°  (un- 
corrected). 

I.  0.1503  gram  salt  lost  0.0062  gram  H^O  below  125°. 
II.  0.1404  gram  salt  lost  0.0059  gram  H,0  below  125°. 
I.  0.1562  gram  salt  gave  0.1649  gram  BaSO^. 

Calculated  for  Found. 

.CONH2 
ChZ  +1JH8O.  I.  n. 

^SOsONH* 

HjO  3.96  4.12  4.20 
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Calculated  for 

/CONH. 
C6H4<;  Found. 

\SOsONH4 

S  14.67  14-46 

This  salt  was  prepared  by  Fahlberg  and  Barge^  and  de- 
scribed as  crj'stallizing  from  alcohol  in  white  needles,  which 
melt  at  225°  to  226°.  Jesurun*  describes  it  as  crystallizing 
from  water  in  granular  crystals  containing  i  molecule  of 
water  of  crystallization.  Remsen  and  Karslake'  describe  the 
salt  as  crystallizing  from  a  water  solution  in  thin,  transparent 
needles,  which  contain  no  water  of  crystallization  and  which 
melt  at  219°  to  220°  (uncorrected). 

Preparation  of  the  Chloride,  C^/  . — Five  grams  of 

\so,ci 

the  potassium  salt  were  mixed  with  5  grams  of  phosphorus 
oxychloride  in  a  small  flask.  The  flask  was  attached  to  a 
return  condenser,  and  then  placed  in  a  bath  which  contained 
boiling  water.  The  mixture  was  heated  for  about  half  an 
hour.  The  white  mass  was  pulverized  in  a  mortar  and 
treated  with  cold  water.  The  orthocarbaminebenzenesul- 
phone  chloride,  which  remains  in  the  form  of  a  white,  crys- 
talline powder,  insoluble  in  water,  is  filtered  off.  It  was  then 
thoroughly  dried.  It  crystallized  from  chloroform  in  small, 
thick,  opaque  plates.     Melting-point  63°. 

0.1 156  gram  salt  gave,  by  the  Carius  method,  0.0984  gram 
AgCl. 

Calculated  for 
/COKH2 
C«H4<  Found. 

CI  16.17  16.00 

This  experiment  will  be  repeated,  as  it  is  somewhat  doubt- 
ful whether  the  product  obtained  was  the  chloride  of  the 
carbamine  acid. 

/CN 
Potassium     Ortkocyanbeneenesulphonate ,      CgH^<;  . — 

\S0,0K 

1  Loe.  cit. 
*Loc.  cH. 
*  Loccii. 
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This  was  prepared  by  treating  the  potassium  salt  with 
phosphorus  oxychloride,  as  in  the  previous  experiment,  only 
the  mixture  in  this  experiment  was  simply  warmed  in  the 
water-bath.  The  whole  of  the  potassium  salt  was  converted 
into  the  cyan  salt.  It  crystallizes  from  a  moderately  dilute 
water  solution  in  small,  transparent  needles,  radiating  from  a 
common  center. 

If  the  mixture  of  the  potassium  salt  and  phosphorus  oxy- 
chloride is  placed  in  a  cold  water-bath  and  then  heated  to  the 
boiling  temperature,  the  potassium  salt  will  be  partly  con- 
verted into  the  chloride  and  partly  into  the  cyan  potassium 
salt. 

This  salt  resembles  in  every  respect  the  salt  described  by 
Remsen  and  Karslake,^  derived  from  ammonium  cyanbenzene- 
sulphonate. 

Calculated  for  Found. 

Cbh/  .  I.  II. 

\sO2OK 

K  17-67  17-67  17.71 

A  small  portion  of  the  chloride  was  placed  in  a  beaker^ 
which  was  then  placed  in  a  dish  of  cold  water.  The  chloride 
was  treated  with  a  small  quantity  of  an  ordinary  solution  of 
ammonium  hydroxide.  The  beaker  was  allowed  to  stand  in 
the  water  for  about  three  hours,  the  contents  being  stirred  at 
frequent  intervals. 

It  was  then  warmed  on  a  water-bath  for  about  half  an  hour. 
The  solution  was  then  filtered  and  a  white,  crystalline  sub- 
stance remained  in  the  filter-paper.  It  was  soluble  only  in 
boiling  alcohol,  from  which  solution  it  crystallized  in  small, 
opaque,  monoclinic  (?)  plates.  The  substance  did  not  melt 
when  heated  to  the  boiling-point  of  ^sulphuric  acid.  A  sul- 
phur determination  was  made  by  ihe'hi^hig  method.  Am- 
monia was  given  off  when  the  substance  was  fus^d  with  potas- 
sium hydroxide,  although  not  as  freely  as  in  the  case  of  the 
diamide  made  from  the  sulphamine  acid. 

0.1203  gram  substance  gave  0.1506  gram  BaSO^. 

^Loc.cit. 


Chlorides  of  Paranitroorthosulphobenzoic  Acid.         373 

Calculated  for 

/CONHa 
C9H4<  Foupd. 

^SOjNHa     ■   '        • 

S  16.00  17.20, 

Possibly  the  substance  was  not  thoroughly,  oxidized  when 
fused  with  potassium  hydroxide  or  else  is  nOt  the  diamide. 


A  FURTHER  INVESTIGATION  OF  THE  ACTION  OF 
PHENOI.S  AND  ALCOHOLS  ON  THE  CHLO- 
RIDES   OF    PARANITROORTHOSUL- 
PHOBENZOIC ACID. \ 

•By  Victor  John  Chambers. 
Action  of  Phenols.  . 

The  action  of  phenol  upon  the  chlorides  of  orthosulphoben- 
zoic  acid  has  been  studied.  Rpmsen  and  Saunders'  used  the 
mixed  chlorides  and  the  symmetrical  chloride,  Remsen  and 
McKee'  both  the  symmetrical  and  the  unsyinmetrical  chlo- 
rides. 

In  every  case,  a  diphehyl  ester  and  a  red  coloring-matter, 
supposed  to  be  a  sulphonphthalein,  were  obtained.  Hum- 
phreys* repeated  the  work  of  Remsen  and  McKee  and  showed 
that,  besides  the  two  substances  referred  to,  a  third  substance 
was  obtained  if  the  temperature  was  kept  down.  This 
proved  to  be  the  orthosulphone  chloride  of  phenyl  benzdate. 

Less  work  has  been  done  on  the  action  of  phenols  upon  the 
chlorides  of  paranitroorthosulphobenzoic  acid.  Henderson* 
tried  the  action  of  various  phenols  on  the  symmetrical  chlo- 
ride and  obtained,  with  phenol  and  ortho-  and  paracresols, 
results  analogous  to' those  of  Remsen  and  McKee. 

It  was  thought  best,  therefore,  to  make  a  cordparative  study 
of  the  action  of  phetiols  upon  the  symmetrical  and  the 
uiisymmetrical  chloride". ,  '     ' 

1  From  the  author's  dissertation  submitted,  June,  1901,  to  the  Board  of  University 
Studies  of  the  Johns  Hopkins  University,  ip  conformity  with  the  requiremepts  for  the 
degree  of  Doctor  of  Philosophy,  'xhe  investigation  was  undertaken  at  the  sugges- 
tion of  Professor  Retasen  and  carried-out  u'nder  His  guidance.     *  ' 

*  This  JouRNAi,,  17,  352.  .-••... 

3/*jV/.,  18,  794- 

*/*irf.,' 30,  292'.  •  '       •    '  %  ■ 

i /did.,  25.1-  •■    .       -         ^     ■■ 


374  Chambers. 

The  method  in  general  use  was  to  mix  a  few  grams  of  the 
chloride  with  slightly  more  than  the  required  amount  of  the 
phenol,  and  to  heat  this  mixture  in  a  test-tube  immersed  in  a 
bath  of  sulphuric  acid:.  A  large  amount  of  the  phthalein  is 
formed  in  this  way,  which  makes  the  product  rery  di£5cult  of 
puriiication.  Humphreys  showed  that  the  Schctten-Baumann 
reaction  could  be  applied  to  this  case.  He  heated  a  mixture 
of  the  chloride  and  the  phenol  in  a  beaker  until  it  liquefied. 
A  cold,  dilute  solution  of  potassium  hydroxide  was  then  added 
and  the  oily  mass  stirred  occasionally  until  it  solidified.  After 
washing  and  crystallization  from  glacial  acetic  acid,  a  very 
clean,  pure  product  was  obtained. 

Both  these  methods  were  used  by  the  author.  In  some 
cases  where  they  did  not  give  good  results  a  third,  or  rather  a 
modification  of  the  second  method,  was  used.  This  consisted 
in  adding  an  alcoholic  solution  of  potassium  hydroxide  to  an 
alcoholic  solution  of  the  mixture  of  chloride  and  phenol. 
Potassium  chloride  separated  and  the  product  was  obtained 
from  the  solution  either  by  adding  water  slowly  or  by  evapo- 
rating alcohol.  In  some  cases,  where  the  product  was  but 
slightly  soluble  in  alcohol,  it  separated  with  the  potassium 
chloride.  After  thorough  washing  with  water,  it  was  crys- 
tallized from  glacial  acetic  acid. 

Action  of  Phenol  upon  the  Symmetrical  Chloride. — Three 
grams  of  the  symmetrical  chloride  were  mixed  with  slightly 
more  than  the  calculated  amount  of  phenol  and  heated  in  a 
test-tube  in  the  acid-bath  to  135'.  The  results  obtained  were 
similar  to  those  described  by  Henderson.  The  product  was 
the  diphenyl  ester  melting  at  ir8''toii9°.  Humphreys*  ob- 
tained both  the  diphenyl  ester  and  a  small  amount  of  the 
orthosulphone  chloride  of  phwiyl  bcnzoate  by  a  similar  treat- 
ment of  the  symmetrical  chloride  of  orthosulphobenzoic  acid. 
The  product  in  this  case  was  examined  for  the  corresponding 
orthosulphone  chloride,  but  none  was  discovered. 

A  small  portion  of  sjrtnmetrical  chloride  was  mixed  with  an 
excess  of  phenol  and  heated  in  a  beaker  until  it  melted. 
Dilute  solution  of  potassium  hydroxide  was  then  added  and 

>  Lot.  cit. 
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the  oily  mass  stirred  until  it  solidified  and  crumbled.  The 
time  required  varies  with  the  strength  of  the  alkali  solution 
and  the  temperature.  If  the  solution  is  moderately  strong 
and  the  mixture  heated  on  a  water-bath,  the  action  is  over  in 
five  minutes.  The  crumbly  mass  was  filtered  off,  washed,  and 
crystallized  from  glacial  acetic  acid  or  alcohol.  Beautiful 
needles  of  the  diphenyl  ester  were  obtained.  Melting-point 
118'. 

A  small  portion  of  the  symmetrical  chloride  and  the  neces- 
sary amount  of  phenol  were  dissolved  in  alcohol.  To  this 
solution  was  added  an  alcoholic  solution  of  potassium  hy- 
droxide until  precipitation  of  potassium  chloride  had  ceased. 
Impure  diphenyl  ester  was  obtained  from  the  solution.  After 
recrystallization  from  glacial  acetic  acid,  it  melted  at  118°. 

Conduct  of  the  Diphenyl  Ester  towards  Reagents. — Dilute 
potassium  hydroxide  completely  saponifies  the  diphenyl  ester. 
Alcohol  does  not  change  it  even  when  boiled  for  hours. 

Action  of  Phenol  upon  the  Unsymmetrical  Chloride. — Three 
grams  of  the  unsymmetrical  chloride  were  mixed  with  a 
slight  excess  of  phenol  in  a  test-tube  which  was  placed  in  a 
sulphuric  acid-bath.  Heat  was  applied  and  the  temperature 
raised  slowly  to  135°,  where  it  was  kept  for  four  hours.  As 
soon  as  the  substances  melted,  a  red  color  was  developed,  which 
increased  in  depth  until  it  became  almost  black.  Hydro- 
chloric acid  commenced  to  come  off  at  almost  100°.  The 
rapidity  of  the  evolution  increased  as  the  temperature  rose, 
and  decreased  again  after  heating  a  short  time  at  135°.  The 
black  mass  became  somewhat  viscous  but  did  not  harden  on 
cooling.  The  cooled  mass  was  treated  with  water,  which  dis- 
solved much  of  the  coloring-matter  and  caused  the  mass  to 
harden. 

The  red  solution  so  obtained  was  turned  deep  purple  by  the 
addition  of  an  alkali.  After  as  much  of  the  coloring-matter 
had  been  extracted  in  this  way  as  possible,  the  crumbly  mass 
was  decanted  upon  a  filter  and  washed  first  with  dilute  alkali 
and  then  with  hot  water.  The  residue  was  recrystallized 
several  times  from  glacial  acetic  acid.  Light-brown,  heavy 
^eedles  were  obtained  which  melted  poorly  at  145°  to  147°. 
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These  proved  to  be  the  paranitroorthosulphone  chloride  of 
phenyl  benzoate. 

The  question  arose  whether  any  diphenyl  ester  was  formed 
by  this  process.  Humphreys/  working  with  the  unsymmetri- 
cal  chloride  of  orthosulphobenzoic  acid,  had  obtained  both 
products,  the  amount  of  each  depending  on  the  tempera- 
ture. He  found  that,  working  at  the  lowest  temperature  at 
which  the  reaction  would  take  place,  he  got  a  mixture  con- 
taining, besides  the  phenyl  ester  chloride,  a  little  of  the  di- 
phenyl ester,  while,  if  the  temperature  was  raised,  more  di- 
phenyl ester  was  found  until,  at  a  temperature  just  below  the 
decomposition-point,  practically  only  diphenyl  ester  was 
formed.  This  change  is  easily  understood  when  it  is  borne 
in  mind  that  the  phenyl  ester  chloride  itself  reacts  with  phenol, 
forming  the  diphenyl  ester.  No  diphenyl  ester  was  found  in 
the  product  of  the  reaction  between  phenol  and  the  unsym- 
metrical  chloride  of  paranitroorthosulphobenzoic  acid.  It 
will  be  shown  later  that  the  paranitroorthosulphone  chloride 
of  phenyl  benzoate  or,  as  it  is  often  called,  the  phenyl  ester 
chloride,  does  not  react  with  phenol  even  when  heated  to  the 
highest  temperature  short  of  decomposition. 

A  few  grams  of  the  unsymmetrical  chloride  were  melted 
with  an  excess  of  phenol.  The  beaker  was  placed  on  ice,  and 
to  the  oily  mass  was  added  a  cold  dilute  solution  of  potassium 
hydroxide.  The  mass  solidified  very  slowly.  After  washing 
and  crystallizing  from  glacial  acetic  acid,  pure  crystals  of 
phenyl  ester  chloride  were  obtained  which  melted  at  146°.  It 
is  necessary  to  keep  the  temperature  of  the  reaction  low  and 
the  alkaline  solution  weak,  for,  if  not,  some  or  only  diphenyl 
ester  is  obtained  : 

CCl 
C,H3(N0,)/       '^0-fC,H,OH     = 


•SO, 


/CGOC.H, 
CeH3(N0,)/  -f  HCl. 


SO.Cl 
Analysis  of  the  substance  gave  the  following  results 

I  L»e.  cil. 
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0.2662  gram  substance  gave  0.4465  gram  CO,  and  0.0660 
gram  HjO. 
0.3147  gram  substance  gave  0.1308  gram  AgCl. 
0.2746  gram  substance  gave  0.1108  gram  AgCl. 
0-3560  gram  substance  gave  0.0146  gram  N. 

Calculated  for 

/COOCgHs 
CsHsCNOsX;  Found. 

^SOjCl 

C  45.68  45.76 

H  2.74  2.34 

CI  10.37  10.28 

N  4.10  4.10 

Decompositions  of  the  Paranitroorthosulphone  Chloride  of 
Phenyl  Benzoate. — When  boiled  with  dilute  hydrochloric  acid, 
the  chloride  is  completely  saponified  giving  free  paranitro- 
orthosulphohenzoic acid. 

When  boiled  with  water,  it  gives  two  products,  the  free  acid 

.COOC,H, 
and  its  monophenyl  ester,  C5H^<^  .      The  ester  was 

\SO,OH 
not  obtained  in  pure  condition  but  was  identified  by  its  crys-- 
talline  form  and  an  analysis. 

Barium,  hydroxide  gave  results  similar  to  those  obtained  by 
Humphreys.^  The  chloride  was  partly  converted  into  the 
barium  salt  of  paranitroorthosulphohenzoic  acid  and  partly, 
apparently,  into  the  diphenyl  ester,  the  formation  of  which 
must  be  due  to  the  action  of  the  barium  phenolate,  first 
formed,  upon  some  of  the  unchanged  chloride  : 

/COOC.Hj 

I.  2C«H3(NO,)<  +4Ba(0H),     = 

/COO. 

2C,H3(NO,)<  >Ba  H-  (C,H,0),Ba  +  BaCl,  +  4H,0 ; 


^^COOCeH, 
^S0,C1 


II.  2C,H3(N0,)<  -f  (C,H,0),Ba     = 


y 


COOQH, 


2C,H3(NOJ<  H-  BaCl,. 


'\ 


SO,OC«H, 
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Ammonia  gives  nitrobenzoic  sulphinide  and  the  diphenyl 
€Ster,  whether  used  in  dilute  or  concentrated  form. 

Aniline  gives  the  anil  described  by  Remsen  and  Gray.^ 
Alcohols  convert  the  chloride  into  the  monophenyl  ester. 
Barium,  Phenyl  Paranitroorthosulphobenzoate, 

/COOQH, 
C«H3(N0,)<  ,Ba -f  5H,0.  — This     crystallizes 

^80,0 

irom  hot  water  in  thin,  lustrous  plates.  Another  salt,  con- 
taining probably  6  molecules  of  water,  is  formed  when  the 
hot  solution  is  allowed  to  cool  slowly.  It  has  the  form  of 
white  knobs. 

0.2383  gram  of  the  plates  lost  0.024  gram  H^O  at  170°. 

0.2134  gram  dried  salt  gave  0.0635  gram  BaSO^. 

Calculated  for 

(CgHsCNOsX^  "       )sBa+5HsO.  Found. 

\  \sO2O         / 

H,0  10.34  10.41 

Calculated  for 
anhydrous  salt.  Found. 

Ba  17.58  17.51 

Potassium,  Phenyl  Paranitroorthosulphobenzoate, 
/COOCeH, 
CgHj(NOj)^  . — This  crystallizes  in  somewhat  heavy 

\SO,OK 
needles. 

0-2549  gram  salt  gave  0.0610  gram  KjSO^. 

Calculated  for 

/COOC.Hj 
CgHsCNOjX'  Found. 

\sO2OK 

K  10.80  10.74 

When  the  sulphone  chloride  is  heated  with  phenol,  even  to 
the  point  at  which  decomposition  begins,  no  diphenyl  ester  is 
formed.  But  when  the  two  substances  in  alcoholic  solution 
are  treated  with  alcoholic  potash,  diphenyl  ester  is  formed. 

Action  of  Orthocresol  upon  the  Symmetrical  Chloride.  — The 
results  obtained  by  the  heating  together  of  these  two  sub- 

1  This  JotTKNA.1.,  19,  496. 
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stances  were  in  perfect  accord  with  those  obtained  by  Hen- 
derson.^ 

Equal  parts  of  the  chloride  and  orthocresol  were  melted  to- 
gether. Dilute  solution  of  potassium  hydroxide  was  added 
and  the  mass  stirred  occasionally.  The  oily  mass  did  not 
solidify  perfectly  even  after  two  days'  standing.  It  was  dis- 
solved in  glacial  acetic  acid,  from  which  solution  rosettes  of 
small  crystals  were  obtained,  melting  at  95°  to  97°.  They 
were  probably  impure  crystals  of  the  unchanged  chloride. 

An  alcoholic  solution  of  potassium  hydroxide  was  added 
slowly  to  an  alcoholic  solution  of  equal  parts  of  the  chloride 
and  orthocresol.  Granular  crystals  of  potassium  chloride  at 
once  separated.  On  allowing  the  alcoholic  solution  to  evap- 
orate, a  crystalline  mass  was  obtained  that  gave,  upon  recrys- 
tallization  from  glacial  acetic  acid,  heavy  needles  melting  at 
90°. 

This  substance  must  be  the  same  as  was  obtained  in  small 
quantity  by  Henderson  by  the  iusion  method.  No  analysis 
was  made  by  him  or  the  author,  but  there  is  little  doubt  that 
it  is  the  diorthocresyl  ester  of  paranitroorthosulphobenzoic 
acid. 

Action  of  Orthocresol  upon  the  Unsymmetrical  Chloride. — The 
phenomena  observed  when  these  two  substances  were  heated 
together  were  about  the  same  as  when  the  symmetrical  chlo- 
ride was  used.  Evolution  of  hydrochloric  acid  began  a  few 
degrees  lower  and  the  product  did  not  become  so  hard  on 
cooling.  A  much  larger  residue  was  left  after  washing  which^ 
when  crystallized  from  glacial  acetic  acid,  gave  small,  dark 
plates,  melting  poorly  at  148°. 

The  Schotten-Baumann  method  gave  better  results.  The 
mass  hardened  slowly  and  gave  pure,  white  plates  melting  at 
150°  when  crystallized  from  glacial  acetic  acid.  These 
proved  to  be  the  paranitroorthosulphone  chloride  of  ortho- 
cresylbenzoate. 

0-3237  gram  substance  gave  0.5647  gram  COj  and  0.0916 
gram  H,0. 

0-3456  gram  substance  gave  0.1365  gram  AgCl. 


38o 
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Calculated  for 
\sO2Cl 

Found. 

c 

H 

CI 

47.26 
2.81 
9.96 

47-57 
3-29 
9.74 

Action  of  Paracresol  upon  the  Symmetrical  Chloride. — Equal 
parts  of  the  symmetrical  chloride  and  paracresol  were  melted 
together  in  a  sulphuric  acid-bath,  A  red  color  was  developed 
quickly  and  deepened  as  the  temperature  rose.  Hydrochloric 
acid  came  off  at  100°.  The  temperature  was  raised  to  115° 
and  kept  there  for  four  hours,  after  which  the  mass  was 
treated  with  cold  water.  It  soon  hardened,  and  after  washing 
as  before  and  recrystallizing  from  glacial  acetic  acid,  short, 
thick  needles  were  obtained  which  melted  rather  badly  at 
116°. 

Equal  parts  of  the  symmetrical  chloride  and  paracresol 
were  melted  together  and  treated  with  a  5  per  cent  solution  of 
potassium  hydroxide.  The  mass  became  oily,  but  hardened 
after  two  days.  After  washing  and  crystallizing  from  glacial 
acetic  acid,  fine,  heavy  needles  were  obtained,  melting  at  118°. 
The  substance  was  the  diparacresyl  ester  of  paranitroortho- 
sulphobenzoic  acid  obtained  by  Henderson^  by  the  first  of  the 
two  above  processes. 

Action  of  Paracresol  upon  the  Unsymmetrical  Chloride. — The 
reaction  was  carried  on  in  the  same  way  as  with  the  sym- 
metrical chloride.  Hydrochloric  acid  was  given  off  at  about 
100"  and  the  mass  turned  from  reddish-brown  to  black.  The 
resultant  mass,  on  washing  and  crystallization,  gave  small 
needles  or  prisms,  melting  at  152°  (uncorrected).  The  prod- 
uct proved  to  be  the  paranitroorthosulphone  chloride  of  para- 
cresyl  benzoate.  The  yield  by  this  reaction  is  poor  and  hard 
to  purify,  yet  it  proved  to  be  the  only  method  by  which  it 
could  be  prepared. 

The  Schotten-Baumann  method  did  not  work  smoothly  in 
this  case,  the  product  being  in  every  case  the  diparacresyl 
€Ster  of  paranitroorthosulphobenzoic  acid.    The  reaction  could 
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not  be  made  to  stop  half-way  as  it  did  with  phenol  and  ortho- 
cresol. 

That  the  product  was  the  paranitroorthosulphone  chloride 
of  paracresyl  benzoate  was  shown  by  the  analysis  : 

0.2235  gram  substance  gave  0.3921  gram  CO,  and  0.0696 
gram  H^O. 

0-2571  gram  substance  gave  0.1005  gram  AgCl. 


Calculated  for 

/COOC7H7 

c 

H 

47.26 
2.81 

CI 

9.96 

47.87 

3-45 
9.71 

Action  of  Orihonitrophenol  upon  the  Symmetrical  Chloride. — 
Equal  parts  of  the  phenol  and  the  chloride  were  melted  to- 
gether and  heated  with  a  dilute  solution  of  potassium  hy- 
droxide. The  oil  so  formed  solidified  after  five  hours'  stand- 
ing to  a  crumbly  mass  that,  on  washing  and  crystallization 
from  glacial  acetic  acid,  gave  fine  needles,  melting  sharply  at 
164°.  This  substance  proved  to  be  the  dinitrophenylester  of 
paranitroorthosulphobenzoic  acid,  as  the  following  analysis 
shows : 

0.1665  gram  substance  gave  0.2822  gram  CO^  and  0.0428 
gram  H^O. 

0.3058  gram  substance  gave  0.0261  gram  N. 


Calculated  for 

/COOC6H4NO2 
C6H8(NOs)< 

\sO2OC6H4NO2 

Found. 

c 

H 

46.62 
2.05 

46.25 
2.81 

N 

8.59 

8.52 

Action  of  Orihonitrophenol  upon  the  Unsymmetncal  Chloride. 
— When  the  chloride  and  phenol  were  heated  together  at  100°, 
the  evolution  of  hydrochloric  acid  was  slow.  Even  after  heat- 
ing to  125°  for  five  hours,  there  was  still  some  acid  coming  off. 
The  mass  was  brown  and  was  still  an  oil  that  hardened  but 
partially  on  cooling.  Caustic  soda  solution  turned  it  to  a 
crumbly  mass  after  about  two  days'  standing.  The  mass  was 
washed  and  crystallized  as  usual.     The  product  was  an  im- 
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pure  dinitrophenyl  ester.  The  Schotten-Baumann  method 
worked  very  smoothly,  the  result  being  rosettes  of  fine  needles 
that  melted  sharply  at  164°.  The  action  here  evidently  led  to 
the  diorthonitrophenyl  ester.  All  attempts  to  get  the  ortho- 
sulphone  chloride  by  modifying  the  conditions  of  the  experi- 
ment were  useless. 

Action  of  Paranitrophenol  upon  the  Symmetrical  Chloride. — 
The  reaction  in  this  case  was  more  vigorous  than  that  be- 
tween the  orthonitrophenol  and  the  chloride.  After  heating 
in  an  acid-bath  for  five  hours  at  125°,  a  hard,  black  mass 
was  obtained  that  dissolved  in  a  solution  of  caustic  soda,  but 
was  reprecipitated  by  acids  as  a  flocculent,  chocolate-colored 
mass.  It  was  not  further  investigated.  No  ethereal  salt  was 
obtained. 

The  Schotten-Baumann  method  worked  smoothly,  giving 
rosettes  of  thick  needles,  melting  at  152°. 

The  modified  Schotten-Baumann  method  also  gave  a  good 
yield  and  a  very  pure  product. 

0.1514  gram  substance  gave  0.2606  gram  CO^  and  0.0447 
gram  HjO. 

Calculated  for 

/COOCoH^NOa 
CgHsCNOj)/  Found, 

^SOjOCoHiNOa 

C  46.62  46.93 

H  2.05 

Action  of  Paranitrophenol  upon  the  Unsymvtetrical  Chloride. 
— The  only  difference  noticeable  between  the  action  of  the 
unsymmetrical  chloride  and  that  of  the  symmetrical  was  that 
the  unsymmetrical  acted  a  little  more  readily  when  fused  with 
the  nitrophenol  in  the  acid-bath. 

Action  of  Resorcinol  upon  the  Symmetrical  Chloride. — The  ad- 
dition of  alcoholic  potassium  hydroxide  solution  to  an  alco- 
holic solution  of  resorcinol  and  chloride  gave  a  flocculent  pre- 
cipitate at  once.  When  the  alkaline  solution  was  added,  a 
red  color  was  developed  at  first,  but  disappeared  on  stirring,  if 
the  alkaline  solution  was  not  in  excess.  As  soon  as  the  color 
persisted,  even  after  vigorously  stirring,  the  precipitate  was 
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filtered  off,  washed  thoroughly  with  water  and  alcohol,  and 
dried. 

The  resulting,  nearly  colorless  powder  was  practically  in- 
soluble in  water,  alcohol,  glacial  acetic  acid,  ether,  chloro- 
form, acetone,  or  ligroin.  The  very  little  vhat  did  dissolve  in 
some  of  these  solvents  came  out  again  in  an  amorphous  con- 
dition. It  was  readily  soluble  in  caustic  alkalies,  and  was 
reprecipitated  on  acidifying.  If,  in  the  preparation  of  the 
substance,  more  alkali  is  added  after  the  color  has  appeared, 
the  precipitate  dissolves,  forming  a  reddish-green  solution. 
This  substance  needs  further  investigation. 

Action  of  Resorcinol  upon  the  Unsymmetrical  Chloride. — The 
action  in  this  case  was,  in  the  main,  the  same  as  with  the  sym- 
metrical chloride,  the  only  difference  being  that  the  action 
took  place  a  little  more  readily.  The  same  hard  mass  was 
obtained  which  dissolved  in  alkaline  solution  and  was  repre- 
cipitated by  acids. 

Action  of  Hydroquinol  upon  the  Symmetriccd  Chloride. — 
When  the  modified  Schotten-Baumann  method  was  used,  re- 
action took  place  as  with  resorcinol.  The  product  had  simi- 
lar properties ;  in  fact,  what  has  been  said  about  resorcinol 
can  be  repeated  about  the  action  of  the  chloride  with  hydro- 
quinol. 

Action  of  Hydroquinol  upon  the  Unsymmetrical  Chloride. — 
Hydrochloric  acid  commenced  to  come  off  at  120°,  the  melt 
becoming  dark  in  color  and  viscous.  After  heating  to  140° 
ior  four  hours,  a  black  mass  was  obtained  which  hardened  on 
cooling,  and  acted  like  the  mixture  obtained  with  the  other 
chloride. 

In  another  experiment  the  temperature  was  kept  at  1 25°  for 
two  hours.  The  mass  darkened  and  thickened  somewhat. 
When  a  solution  of  caustic  soda  was  added,  a  part  dissolved 
to  a  reddish-brown  solution  and  the  rest  became  oily,  harden- 
ing only  on  standing.  Nothing  could  be  obtained  |rom  this 
mass  but  unchanged  chloride. 

Action  of  ft-Naphthol  upon  the  Symmetrical  Chloride. — An 
alcoholic  solution  of  potassium  hydroxide  was  added  to  a 
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similar  solution  of  chloride  and  /S-naphthol.  A  flocculent 
precipitate  at  once  separated,  which  collected  in  a  gummy  mass 
on  stirring.  The  addition  of  alkali  was  stopped  as  soon  as 
the  pale-brown  color  produced  by  it  became  permanent.  The 
gummy  mass  became  hard  on  standing.  It  was  then  filtered 
off,  washed  with  water  and  dilute  alkali,  and  crj^stallized 
from  glacial  acetic  acid.  Beautiful,  white  needles  were  ob- 
tained ;  melting-point  134".  Analysis  showed  it  to  be  the  di- 
/?-naphthyl  ester  of  paranitroorthosulphobenzoic  acid. 

0.2553  gram  substance  gave  0.6017  gram  COj  and  0.0908 
gram  H,0. 

Calculated  for 

/COOCioH, 
CeHsCNOaX;  .  Found. 

\SO2OC10H7 

C  64.91  64.30 

K  3-42  3-97 

Action  of  ft-Naphthol  upon  the  Unsymmetrical  Chloride. — 
The  results  in  this  case  were  wholly  unsatisfactory.  The 
Schotten-Baumann  reaction  could  not  be  used  in  alcoholic 
solution  because  alcohol  acts  upon  this  chloride. 

Action  of  Paraminophenol  upon  the  Unsymmetrical  Chloride. 
— Equal  parts  of  the  phenol  and  chloride  were  heated  in  the 
acid-bath.  No  action  took  place  until  1 25°  was  reached,  when 
a  slight  evolution  of  hydrochloric  acid  was  observed.  The 
temperature  was  kept  at  120°  for  four  hours,  during  which 
time  vapors  of  hydrochloric  acid  came  off  slowly  and  the  mass 
became  black  and  sticky,  but  did  not  at  any  time  become  a 
fluid.  On  cooling,  a  hard,  shining,  brittle  mass  was  obtained 
which  was  insoluble  in  water  but  easily  soluble  in  a  warm 
solution  of  caustic  soda.  The  solution  thus  formed  was 
black.  On  acidifying,  a  chocolate-colored  precipitate  was 
formed.     No  ethereal  salt  was  obtained. 

The  Action  of  Phenol  in  Solution  in  Amm^onia  upon  the  Two 
Chlorides  of  Paranitroorthosulphobenzoic  Acid. — Two  grams  of 
the  symmetrical  chloride  were  melted  with  an  equal  quantity 
of  phenol  and  covered  with  dilute  ammonia.  The  oily  mass 
hardened  very  slowly.  After  two  days'  standing,  the  mass 
was  well  washed,  then  dissolved  in  hot  alcohol.     On  cooling, 
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needle-shaped  crystals  separated  that  proved  to  be  the  di- 
phenyl  ester  of  paranitroorthosulphobenzoic  acid.  The  alco- 
holic filtrate  was  allowed  to  evaporate  at  the  room  tempera- 
ture and  finally  gave  heavy  prisms  resembling  the  unchanged 
chloride,  but  melting  at  135°.  Analysis  showed  them  to  be 
phenyl  paranitroorthosulphaminebenzoate. 

The  course  of  the  experiment  was  varied  in  many  ways  but 
the  result  was  always  the  same.  The  reaction  is  represented 
thus  : 

/COCl 

2C,H3(NO,)<  +  SCeH.OH  +  5NH3  ::r 

^SO.Cl 
/COOQH,  /COOC«H, 

C.H3(N0,)<  +CeH3(N0,)<  +4NH,C1. 

\S0,0C,H3  ^SO.NH, 

0.3221  gram  substance  gave  0.5754  gram  CO^  and  0.0993 
gram  HjjO. 

0.2366  gram  substance  gave  0.0204  gram  N. 

0.5172  gram  substance  gave  0.0445  gram  N.  ' 

Found. 


Calculated  for 
C.H3(NO,<™. 

I. 

c 

48.45 

48.71 

H 

N 

3.10 
8.69 

3-42 
8.62 

8.61 

The  action  of  phenol  and  ammonia  was  tried  also  upon  the 
unsymmetrical  chloride.  Equal  parts  of  the  unsymmetrical 
chloride  and  phenol  were  melted  together  and  treated  with 
dilute  ammonia. 

The  oily  mass  soon  solidified.  It  was  then  washed  and  dis- 
solved in  alcohol.  Crystals  of  the  diphenyl  ester  separated  as 
in  the  previous  experiment,  but  the  alcoholic  solution  did  not 
give  any  sulphonamide  on  evaporation.  As  Remsen  and 
Gray^  have  shown  that  the  action  of  ammonia  upon  the  un- 
symmetrical chloride  is  to  form  the  ammonium  salt  of  para- 
nitrocyanbenzenesulphonic  acid,  it  is  likely  that  some  of  this 
substance  was  also  formed  in  this  experiment. 

1  Loc.  cit. 


386  Chambers. 

CCl 
2CeH3(NO,)^       '^0  +  2C,H,0H  +  6NH3     = 

CeH3(N0,)<  +  CeH3(N0,)<  +  4NH,C1. 

The  action  of  caustic  alkalies,  ammonia,  or  water  is  the 
same  as  that  of  the  same  reagents  upon  the  orthosulphon- 
amide  of  phenyl  benzoate. 

A  weak  solution  of  potassium  hydroxide  causes  the  forma- 
tion of  the  potassium  salt  of  nitrobenzoic  sulphinide.  If  the 
sulphonamide  is  heated  a  few  moments  with  strong  alkali, 
then  acidulated,  characteristic  crystals  of  the  acid  potassium 
salt  of  paranitroorthosulphobenzoic  acid  are  observed. 

.CO. 

C,H3(N0,) 

\  /COOH 

SO.NH,       --     C,H3(N0,)<( 

The  action  of  ammonia  was  very  slow.  When  the  boiling 
was  continued  for  five  or  more  hours,  the  reaction  was  com- 
plete and  nitrobenzoic  sulphinide  was  formed. 

The  action  of  water  was  slower.  This  experiment  was  con- 
tinued for  five  days  without  complete  change  taking  place. 
There  was  some  action,  however,  as  the  solution  became 
gradually  more  bitter  and  gave  more  of  a  precipitate  with 
bromine  water.  The  common  product  of  the  action  of  weak 
alkalies,  ammonia,  and  water  upon  the  paranitroorthosulplion- 
amide  of  phenyl  benzoate  is  nitrobenzoic  sulphinide. 

Action  of  Alcohols  upon  the  Chlorides. — Kastle^  first  studied 
the  action  of  alcohols  upon  the  chlorides  of  paranitroortho- 
sulphobenzoic acid.  He  worked  with  the  product  of  the  re- 
action of  phosphorus  pentachloride  upon  the  acid  potassium 
salt  of  paranitroorthosulphobenzoic  acid,  a  substance  which 
was  then  supposed  to  be  a  chemical  individual.  He  found 
that  the  substance  dissolved  readily  in   methyl   alcohol  with 

»  Loc.  cit. 
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evolution  of  heat  and,  upon  cooling,  beautiful  crystals  were 
obtained. 

This  substance  proved  to  be  the  paranitroorthosulphone 
chloride  of  methyl  benzoate.  If,  however,  the  alcoholic  solu- 
tion of  the  chloride  was  boiled  for  a  time,  it  became  acid, 
and  this  acid  was  shown  to  be  the  acid  methyl  ester  of  para- 
nitroorthosulphobenzoic  acid.  The  sulphone  chloride  was 
also  changed  to  the  acid  ester  by  boiling  with  alcohol. 

The  following  equations  represent  these  reactions  : 

/COCl 
I.  CeH3(N0,)<  -h  HOCH3     = 

\«n  PI 


^SO.Cl 


/COOCH, 
CeH3(N0,)<  +  HCI  ; 

\S0,C1 


/COOCH3 

2.  CeH3(N0,)<  +  HOCH3     = 

\so,ci 

/COOCH, 
CeH3(N0,)<;  +HC1; 

^SO.OCH, 

/COOCH3 

3.  CeH3(N0,)<  +  HOCH3     = 

\S0,0CH3 

/COOCH3 
C,H3(N0,)<  +  (CH3)0. 

\SO,OH 

Henderson'  has  studied  the  action  of  alcohols  upon  the  sym- 
metrical chloride.  He  found  that  when  that  chloride  was 
dissolved  in  methyl  alcohol  and  then  cooled,  no  sulphone 
chloride  came  out.  Any  substance  that  did  separate  proved 
to  be  the  unchanged  chloride.  If  the  alcoholic  solution  was 
boiled  for  a  time  the  acid  methyl  ester  described  by  Kastle 
was  obtained.  Ethyl  alcohol  acted  in  an  analogous  way.  He 
modified  the  conditions  of  the  experiment  in  various  ways, 
but  failed  entirely  to  get  the  sulphone  chloride  from  the  sym- 
metrical chloride.  A  small  quantity  of  the  unsymmetrical 
chloride  that  he  had  in  his  possession  did  give,  with  ethyl 

*  Loc.  cit. 
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alcohol,  a  substance  melting  at  68°  and  corresponding  to  the 
sulphone  chloride  described  by  Kastle. 

It  was  thought  best  to  study  now  the  action  of  alcohols 
upon  the  unsymmetrical  chloride  to  see  if  the  results  ex- 
plained the  formation  of  the  sulphone  chlorides  from  the 
mixed  chlorides. 

Action  of  Methyl  Alcohol  upon  the  Unsymvtetrical  Chloride. — 
A  small  portion  of  the  chloride  was  added  to  a  little  methyl 
alcohol.  It  dissolved  readily.  On  putting  the  solution  oji 
ice,  there  was  a  rapid  separation  of  crystals.  These  w^ere  fil- 
tered off  and  recrystallized  from  a  little  methyl  alcohol. 
Small,  thick  prisms  were  obtained,  melting  at  82°.^  This  sub- 
stance is  the  paranitrosulphone  chloride  of  methyl  benzoate, 
XOOCH3 

^SO.Cl 

When  the  chloride  is  boiled  with  alcohol  for  a  short  time,  an 
acid  solution  is  obtained  that  does  not  become  cloudy  on  the 
addition  of  water.  The  alcoholic  solution  evaporates  to  a 
syrup,  which  finally  solidifies  to  a  crystalline  mass.  The 
compound  was  identified  by  means  of  the  following  salts  and 
proved  to  be  monomethyl  paranitroorthosulphobenzoate. 

Sodium  Methyl  Paranitroorthosulphobenzoate, 
/COOCH3 
CgHjlNO,,)^  . — This  crrstallizes  from  a  concentrated 

^SO.ONa 
solution  in  transparent  plates. 

0.1955  gram  substance,  heated  to  170°,  lest  0.0003  gram. 

0.1952  gram  substance  gave  0.04S8  gram  NajSO^. 

Calculated  for 

/COOCH3 
CeHaCNOoX'  .  Found. 

^SOsOXa 

Na  8.12  8.13 

Potassium  Methyl  Paranitroorthosulphobenzoate, 
/COOCH3 
CjHjCNOjX^  .—This  is  fairly  soluble  in  cold  water, 

\SO,OK 
from  which  it  crystallizes  in  beautiful,  iridescent  plates. 

1  Kastle  :  This  Journal,  ii,  iSj. 
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I.  0.1238  gram  substance  gave  0.0370  gram  K^SO^. 
II.  0.1604  gram  substance  gave  0.0473  gram  K^SO^. 

Calculated  for  Found. 

/COOCH3 
C6H3(NOj,)<  I.  11. 

\sO2OK 

K  13-18  13.39  13-21 

Action  of  Ethyl  Alcohol  Upon  the  Unsymmetrical  Chloride. — 
This  substance  was  made  by  dissolving  the  unsymmetrical 
chloride  in  ethyl  alcohol  and  cooling  the  solution.  Beautiful, 
white,  heavy  needles  separated  at  once.  On  recrystallization 
from  ethyl  alcohol,  they  melted  sharply  at  68°.  The  sub- 
stance is  the  paranitrosulphone  chloride  of  ethyl  benzoate, 

/COOC,H, 
CeH,(NO,)/ 

\so,ci 

By  boiling  the  unsymmetrical  chloride  with  alcohol  until  a 
small  portion  dissolved  in  water  to  a  clear  solution,  a  very 
acid  solution  could  be  obtained  which  evaporated  to  a  syrup 
without  crystallizing.  On  longstanding,  however,  this  syrup- 
did  solidify  to  a  crystalline  mass. 

The  acid  is  also  obtained  by  dissolving  the  unsymmetrical 
chloride  in  more  alcohol  than  is  necessary  to  keep  the  above 
sulphone  chloride  in  solution,  and  allowing  this  solution  to 
evaporate  at  the  room  temperature. 

Barium  Ethyl  Paranitroorthosulphobenzoate, 

f  /COOC^hA 

{   C6H3(NO,)<  LBa  +  4H,0.— This    salt    crystal- 

\  \S0,0        / 

lizes  in  long,  white  needles.  It  was  recrystallized  several 
times.  The  salt  is  very  soluble  in  hot  water,  but  only 
slightly  in  cold. 

0.2549  gram  substance  lost,  by  heating  to  170°,  0.0238  gram 
H,0. 

0.2311  gram  substance  gave  0.0786  gram  BaSO^. 


Calculated  for 
'  ,COOC2H5> 

C,H3(N02)<  )2Ba+4HsO. 


H,0  951  9.34 
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Calculated  for  the  dry  salt.  Found. 

Ba  20.00  20.02 

Potassium  Ethyl  Paranitroorthosulphobenzoate , 
/COOC.H, 
CeHjf  NOJ<  +  H^O.— This  salt  is  very  soluble  in 

\SO,OK 
water  and  crystallizes  from  a  concentrated  solution  in  short, 
heavy  prisms. 

0.2763  gram  substance  lost,  by  heating  to  170°  C,  0.0150 
gram  H^O. 

0.2458  gram  dried  salt  gave  0.0699  gram  K^SO^. 

Calculated  for 
.COOC2H5 
C6H8(N02)<  +  H2O.  Found. 

\sO2OK 

H,0  5-42  5.43 

Calculated  for  dry  salt.  Found. 

K  12.59  12.75 

Action  of  Propyl  Alcohol  upon  the  Unsymmetrical  Chloride. — 
A  portion  of  the  unsymmetrical  chloride  was  dissolved  in 
warm  propyl  alcohol.  Upon  cooling,  large,  thin  plates  of  the 
paranitrosulphone  chloride  of  propyl  benzoate, 

/COOC,H, 
C«H,(NO,)< 

^SO.Cl 

separated.     After  recrystallization  from  warm  propyl  alcohol, 
the  substance  melted  at  76°. 

I.  0.3273  gram  substance  gave  0.1523  gram  AgCl. 
II.  0.2743  gram  substance  gave  0.1276  gram  AgCl. 


Calculated  for 

:OOC,H; 
CeHsCNOsX; 

^S02C1 


\sc 
CI  II. 51  11.50  II. 51 

By  boiling  the  unsymmetrical  chloride  with  propyl  alcohol 
in  a  flask,  connected  with  a  return  condenser,  until  a  solution 
was  obtained  that  did  not  turn  cloudy  with  water,  then  evap- 
orating to  a  syrup  and  adding  water,  it  gave  a  clear,  very  acid 
solution  that  decomposed  carbonates  readily.  By  the  aid  of 
the  salts  below  described,  the  acid  was  shown  to  be  the  mono- 
propyl  ester  of  paranitroorthosulphobenzoic  acid, 
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C,H3(N0,) 


COOC3H, 
SO.OH 


( 


Barium  propyl paranitroorthosulphobenzoate , 


y 


COOC,H, 


CeHjCNO.X;  jjBa  +  4H,0,  crystallizes  well  from 

warm  water  in  long  needles  with  a  somewhat  greenish  hue. 
The  crystals  are  easily  soluble  in  warm  water,  less  so  in  cold. 
They  contain  4  molecules  of  water  of  crystallization,  which 
are  driven  off  below  170°. 

0.2337  gram  substance  lost  0.0219  gram  on  heating  to  170°. 

0.21 18  gram  of  dried  salt  gave  0.0689  gram  BaSO^. 

Calculated  for 
/  /COOCsHjX 

I  CgHsfNOoX;  I  oBa  +  4H2O.  Found. 

V  \S0:0         / 

H3O  9.17  9.37 

Calculated  for  dry  salt.  Found. 

Ba  19.26  19-15 

Potassium  propyl  paranitroorthosulphobenzoate , 
xCOOCjH, 
C6H3(N02)\  ,  crystallizes  from  a  concentrated  solu- 

^SO.OK 
tion  in  small,  heavy  needles.     It  is  easil}'  soluble  in  both  hot 
and  cold  water. 

0-1750  gram  substance  lost  nothing  on  heating  to  170°. 
0.1750  gram  substance  gave  0.0471  gram  K^SO^. 

Calculated  for 

/COOC3H7 
C6H3(N02)<:  Found. 

\sO2OK 

K  11.92  12.06 

The  results  just  described,  taken  with  those  of  Henderson 
on  the  action  of  alcohols  upon  the  symmetrical  chloride,  ex- 
plain more  fully  the  results  obtained  by  Kastle.  The  sul- 
phone  chloride  that  he  first  obtained  came  from  the  unsym- 
metrical  chloride,  while  the  acid  ester  is  seen  to  be  the  final 
product  of  the  action  of  alcohols  upon  both  chlorides. 
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Summary. 

1 .  The  paranitroorthosulphone  chloride  of  phenyl  benzoate, 

/COOCeH, 
C-Hj(NOj)C^  ,  is  formed  by  the  action  of  phenol  on 

^SO.Cl 
the  unsymmetrical   chloride,  but  not  from   the  symmetrical 
chloride.     Ortho-  and  paracresol  act  in  the  same  way. 

2.  The  paranitroorthosulphone  chloride  of  ethyl  benzoate  is 
formed  by  the  action  of  ethyl  alcohol  upon  the  unsymmetrical 
chloride,  but  is  not  obtained  from  the  symmetrical  chloride. 
Methyl  and  propyl  alcohols  act  in  the  same  way.  By  further 
action  of  the  alcohols,  the  chlorides  are  converted  into  the  cor- 
responding acids. 

3.  The  paranitroorthosulphonamide  of  phenyl  benzoate  is 
formed  by  the  action  of  phenol  and  ammonia  upon  the  sym- 
metrical chloride,  but  is  not  obtained  from  the  unsymmetrical 
chloride. 

4.  Both  chlorides,  when  treated  with  phenol  in  alkaline 
solution,  give  the  diesters  as  the  end-products.  By  modifying 
the  conditions  of  the  experiment,  ester  chlorides  are  obtained 
in  the  case  of  phenol  and  orthocresol. 


Contributions  from  the  Chemical  Laboratory  of  the  Massachusetts  Institute  of  Tech- 
nology. 

XUI.— THE  CONDENSATION  OF  CARBON  TETRA- 
CHLORIDE WITH  CHLORBENZENE  BY 
MEANS  OF  THE  FRIEDEL  AND 
CRAFTS  REACTION. 

By  James  F.  Norris  and  W.  C.  Twieg. 

In  a  preliminary  communication'  from  this  laboratory,  on 
the  condensation  of  carbon  tetrachloride  with  certain  halogen 
derivatives  of  benzene  by  means  of  the  Friedel  and  Crafts  re- 
action, it  was  shown  that  when  chlorbenzene  reacts  with  car- 
bon tetrachloride  under  these  circumstances,  but  two  benzene 
rings  are  joined  to  the  methane  carbon  atom  and,  as  a  conse- 
quence, a  ketone  chloride  is  formed.  As  with  benzene,  how- 
ever, under  the  same  conditions,  three  halogen  atoms  are  dis- 

1  Norris  and  Green  :  This  Journal,  36,  492. 
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placed  and  a  quantitative  yield  of  triphenylchlormethane  is 
formed,^  it  seemed  advisable  to  continue  the  study  of  this  re- 
action. It  was  shown  in  the  first  paper  that  the  product  of 
the  reaction,  when  chlorbenzene  was  used,  could  be  isolated, 
after  the  decomposition  of  the  aluminium  addition-product, 
by  distillation  under  reduced  pressure.  The  substance  proved 
to  be  an  oil  which  had  a  constant  boiling-point.  It  was  de- 
composed when  warmed  with  dilute  alcohol,  and,  on  cooling, 
4,4'-dichlorbenzophenone  was  deposited  in  pure  condition. 
The  oil,  on  analysis,  gave  results  agreeing  with  the  formula 
(ClC6H^)jC.Cls,  and  was  accordingly  considered  to  be  4,4'-di- 
chlorbenzophenone  chloride. 

When  this  oil  was  obtained  by  distilling  the  product  of  the 
reaction  under  diminished  pressure,  there  was  left  a  residue 
which  varied  in  amount  in  different  experiments.  In  order 
to  isolate  the  substance  contained  in  this  residue  in  pure  con- 
dition, if  possible,  the  reaction  was  more  fully  studied,  with 
the  hope  of  obtaining  trichlortriphenylchlormethane,  the  sub- 
stance which  would  be  formed  if  the  reaction  proceeded  as  in , 
the  case  of  benzene  and  carbon  tetrachloride.  This  com- 
pound, as  well  as  tke  ketone  chloride  formed,  was  required 
for  investigations  which  are  now  being  carried  out  in  this 
laboratory. 

New  methods  for  the  isolation  of  the  reaction-products  were 
studied  and,  as  a  consequence,  it  was  discovered  that  the  oil 
previously  described  as  4,4'-diehlorbenzophenone  chloride 
consisted  of  a  mixture  of  two  isomers.  The  dipara-com- 
pound  was  present,  but  mixed  with  it  was  a  quantity  of  an 
isomer,  which  was  shown  to  have,  in  all  probability,  the 
structure  of  2,4'-dichlorbenzophenone  chloride. 

The  ketone  chlorides  could  not  be  separated,  as  their  boil- 
ing-points were  very  dose  together,  and  as  they,  apparently, 
formed  a  constant- boiling  mixture.  To  effect  the  separation, 
the  chlorides  were  first  converted  into  the  corresponding 
ketones.  The  dipara-compound  was  slightly  soluble  in  cold 
alcohol  and  in  cold  ligroin,  while  the  orthopara-compound 
was  readily  soluble  in  both  solvents. 

1  This  Journal,  25,  S4. 
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A  substance  which  was  identical  with  the  isomer  of  the  di- 
para-ketone  was  prepared  by  the  condensation  of  orthochlor- 
benzoyl  chloride  with  chlorbenzene.  It  has  been  shown  that 
when  benzoyl  chloride  is  condensed  with  chlorbenzene,  the 
benzoyl  group  takes  the  position  para  to  the  halogen  atom  in 
the  benzene  ring.  It  follows,  therefore,  that  the  isomer  has, 
in  all  probability,  the  orthopara-structure.  In  the  first  paper 
on  this  subject,  the  fact  was  mentioned  that  a  small  quantity 
of  a  compound  was  obtained  which  melted  at  66"  to  68°.  This 
substance  we  have  now  shown  to  be  the  isomer  of  4,4'-dichlor- 
benzophenone. 

As  it  was  found  impossible  to  separate  the  original  products 
of  the  reaction  between  carbon  tetrachloride  and  chlorben- 
zene, the  crude  reaction-product,  after  decomposition  with 
water  to  remove  the  aluminium  chloride,  was  treated  with 
concentrated  sulphuric  acid,  in  which  it  was  slowly  soluble 
with  evolution  of  hydrogen  chloride.  When  the  acid  was  no 
longer  given  off,  the  product  was  poured  into  water.  In  this 
way  the  halogen  atoms  attached  to  the  methane  carbon  atom 
were  replaced  by  oxygen.  The  mixture  so  obtained  could 
now  be  separated  into  its  constituents.  By  treatment  with 
ligroin,  everything  but  the  dipara-ketone  was  dissolved.  By 
distilling  the  soluble,  portion  under  reduced  pressure,  the  ortho- 
para-ketone  was  separated  from  a  residue  which  could  not  be 
distilled.  When  a  solution  of  the  mixture  in  alcohol,  after 
the  removal  of  the  dipara-ketone,  was  allowed  to  evaporate 
slowly,  a  mixture  of  the  crystals  of  the  orthoparadichlorketone 
and  an  oil  was  obtained.  From  the  reactions,  properties,  and 
method  of  preparation  of  this  oil,  it  was  probably  a  third  pos- 
sible isomeric  ketone — 2,2'-dichlorbenzophenone.  It  could 
not  be  obtained  in  pure  condition,  as  it  decomposed  when 
heated  under  a  pressure  of  i8  mm.  Trichlortriphenylchlor- 
methane  may  have  been  formed  in  the  reaction,  but  its  pres- 
ence was  not  disco vere.d. 

It  is  probable,  therefore,  that  when  carbon  tetrachloride  is 
condensed  with  chlorbenzene  by  the  Friedel  and  Crafts  reac- 
tion, but  two  chlorine  atoms  of  the  tetrachloride  are  displaced 
and  that  three  dichlorbenzophenone  chlorides  are  thus  formed. 
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This  result  is  of  interest  in  connection  with  the  results  ob- 
tained with  benzene  where,  under  the  same  conditions,  three 
chlorine  atoms  are  removed  and  triphenylchlormethane  is 
formed. 

In  one  experiment  a  separation  of  the  reaction-products  was 
made  as  accurately  as  possible.  From  60  grams  of  carbon 
tetrachloride  there  were  obtained  25  grams  of  the  dipara- 
ketone,  27  grams  of  the  orthopara-compound,  and  36  grams 
of  the  oil.  In  another  experiment  the  mixture  of  the  dipara- 
and  orthoparadichlorbenzophenone  chlorides,  which  distilled 
at  a  constant  boiling-point,  was  converted  into  the  correspond- 
ing ketones.  Eighteen  grams  of  the  dipara-  and  13  grams  of 
the  orthopara-  compounds  were  obtained. 

In  view  of  the  work  which  has  been  done  on  the  condensa- 
tion of  chlorbenzene  in  the  Friedel  and  Crafts  reaction,  the 
results  are  of  interest,  inasmuch  as  in  the  past  it  has  been 
found  that  the  para  position  is  the  one  taken  by  the  entering 
group  almost  to  the  exclusion  of  the  ortho  position. 

The  work  on  the  condensation  of  paradichlorbenzene  with, 
carbon  tetrachloride  has  been  continued,  as  the  ketone  chlo- 
ride produced  is  being  used  in  another  investigation.  The 
method  of  carrying  out  the  reaction  has  been  so  improved 
that  the  yield  of  2,5,2',5'-tetrachlorbenzophenone  chloridehas 
been  increased  to  nearly  four  times  that  previously  obtained. 

EXPERIMENTAL. 

A  condensation  of  carbon  tetrachloride  was  carried  out  as 
described  in  the  paper  referred  to  above,  using  60  grams  of 
carbon  tetrachloride  (i  molecule),  84  grams  of  chlorbenzene 
(2  molecules),  90  grams  of  aluminium  chloride  (1.75  mole- 
cules), and  300  cc.  carbon  bisulphide.  Sixty  grams  of  an  oil 
boiling  at  232°  to  233°,  at  25  mm.  pressure,  were  obtained. 
This  oil  proved  to  be  a  mixture  of  the  chlorides  of  4,4'-  and 
2,4'-dichlorbenzophenones.  The  non- volatile  residue  weighed 
15  grams.  By  increasing  the  amount  of  aluminium  chloride 
to  120  grams,  the  yield  was  increased  to  80  grams. 

A  portion  of  this  distillate  was  decomposed  by  shaking  with 
concentrated  sulphuric  acid.     When  all  had  passed  into  solu- 
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tion,  the  mixture  was  poured  into  water.  The  resulting 
ketones,  after  drying,  were  separated  by  warming  them  with 
ligroin.  On  cooling,  nearly  all  the  4,4'-dichlorbenzophenone 
crystallized  out.  The  soluble  part  was  purified  by  repeated 
crystallization  from  dilute  alcohol.  Forty  grams  of  the  mixed 
chlorides  gave  i8  grams  of  the  pure  4,4'-dichlorbeuzophenone 
and  13  grams  of  the  2,4'-dichlorbenzophenone. 

In  another  experiment  the  procedure  was  changed  to  that 
most  favorable  to  the  formation  of  a  compound  containing 
three  benzene  rings.  Sixty  grams  of  carbon  tetrachloride  (i 
molecule),  120  grams  of  powdered  aluminium  chloride,  and 
126  grams  of  chlorbenzene  (3  molecules)  were  allowed  to  re- 
act in  the  presence  of  300  cc.  of  carbon  bisulphide.  After  the 
mixture  had  stood  overnight,  during  which  time  a  large  quan- 
tity of  hydrogen  chloride  was  evolved,  it  was  heated  on  a 
water-bath  for  a  number  of  hours.  After  decomposition  of 
the  reaction-product  by  water,  the  organic  part  was  extracted 
with  carbon  bisulphide,  which  was  then  removed  by  distilla- 
tion. The  residue  was  allowed  to  stand  with  concentrated 
sulphuric  acid.  When  hydrogen  chloride  was  no  longer 
given  off,  the  mixture  was  extracted  with  carbon  bisulphide 
in  order  to  remove  the  excess  of  chlorbenzene.  As  but  10  grams 
of  an  oil  insoluble  in  sulphuric  acid  were  obtained,  and  as 
only  one-half  of  this  proved  to  be  chlorbenzene,  it  seems  prob- 
able that  more  than  2  molecules  of  chlorbenzene  had  entered 
into  reaction.  No  evidence  of  this,  however,  was  obtained 
by  a  study  of  the  reaction-product.  The  solution  in  sul- 
phuric acid  was  poured  into  water.  After  the  separation  of 
the  mixture  from  the  dilute  acid  the  former  was  treated  with 
warm  ligroin  until  the  residue  became  crystalline.  After 
standing  some  time,  22  grams  of  4,4'-dichlorbenzophenone 
were  left  undissolved.  This  was  purified  by  recrystallization 
from  warm  alcohol.  The  ligroin  was  separated  from  the  part 
which  had  dissolved.  An  attempt  was  made  to  separate  a 
small  part  of  the  residue  into  its  constituents  by  crystalliza- 
tion. As  a  mixture  of  an  oil  and  ill-defined  crystals  was  ob- 
tained, the  major  part  of  the  product  was  subjected  to  distil- 
lation at  23  mm.     Under  these  circumstances,  the  2,4'-dichlor- 
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benzophenoue  distilled  unchanged.  On  recrystallization,  the 
distillate  was  found  to  contain  a  small  amount  of  the  dipara- 
compound.  As  a  result  of  the  experiment,  24  grams  of  4,4'- 
dichlorbenzopheuone  and  27  grams  of  2,4'-dichlorbenzophe- 
none  were  obtained.  The  large  residue  could  not  be  distilled: 
or  brought  to  crystallization. 

Preparation  of  2 ^4! - Dichlorbenzophenoyie  from  o-Chlorhenzoic 
Acid. — Ten  grams  of  (7-chlorbenzoic  acid  and  13  grams  of 
phosphorus  pentachloride  were  heated  under  a  return  cOP'- 
denser  on  a  water-bath  for  several  hours.  On  distillation,  6.5 
grams  of  the  acid  chloride,  boiling  at  228°,  were  obtained. 
The  product  was  dissolved  in  100  cc.  of  carbon  bisulphide,  to 
which  were  added  4.5  grams  of  chlorbenzene  and  5  grams  of 
aluminium  chloride.  After  standing  a  few  hours,  the  mix- 
ture was  heated  on  a  water-bath  for  a  short  time.  After  the 
decomposition  of  the  aluminium  compound,  the  product  was 
taken  up  in  carbon  bisulphide  and  treated  with  dilute  alkali. 
One  gram  of  t'-chlorbenzoic  acid  was  recovered.  After  re- 
moval of  the  solvent,  the  residue  was  taken  up  in  alcohol. 
Upon  slow  evaporation,  stout,  white  needles,  which  melted  at 
66°  to  68°,  separated.  Finally  a  mixture  of  white  needles  and 
a  red  oil  was  left.  The  oil  was  removed  from  the  crystals  by 
filtration  when  the  solvent  had  evaporated.  The  oil  appeared 
to  resemble  the  undistillable  part  of  the  reaction-product  de- 
scribed above.  The  yield  of  the  crystals  was  4.35  grams. 
These  proved  to  be  identical  with  the  low-melting  ketone  ob- 
tained from  carbon  tetrachloride.  When  recrystallized  from 
alcohol,  the  pure  compound  was  obtained  as  stout,  colorless 
prisms,  which  melted  at  66°. 5  to  67°.  A  portion  of  this 
ketone  obtained  from  the  Friedel  and  Crafts  reaction  was 
found  to  boil  at  214°  to  215°  at  22  mm.  A  determination  of 
chlorine  in  the  ketone  gave  28.28  and  28.41  per  cent,  while 
the  theory  required  28.28  per  cent.  The  compound  is  solu- 
ble in  most  organic  solvents.  It  crystallizes  best  from  ligroin 
or  cold,  dilute  60  to  75  per  cent  alcohol. 

2 ,4' -Dichlorbenzophenone  Chloride. — Seventeen  grams  of  the 
ketone  and  14  grams  of  phosphorus  pentachloride  were  heated 
on  the  water-bath  for  a  few  hours.     The  mixture  was  then 
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distilled  under  diminished  pressure.  The  chloride  distilled  as 
a  colorless,  syrupj'  oil  at  236°,  at  34  mm.  When  redistilled, 
it  boiled  at  223°  at  23  mm.  The  oil  did  not  solidify  in  a 
freezing-mixture.  It  was  soluble  in  most  organic  solvents 
and  was  readily  converted  into  the  corresponding  ketone. 

4.^^' -Dichlorbenzophenone  Chloride. — Twenty-seven  grams  of 
pure  4,4'-dichlorbenzophenone  (the  boiling-point  of  which 
was  found  to  be  243°  at  38  mm.)  was  heated  with  23  grams  of 
phosphorus  pentachloride  on  an  oil-bath,  at  150°  for  one  hour. 
On  distillation,  28  grams  of  product  were  obtained.  When 
treated  with  ligroin,  in  which  the  chloride  is  soluble,  it  was 
found  that  5  grams  of  the  ketone  had  distilled  unchanged. 
Accordingly,  a  higher  temperature  was  used  in  the  next  ex- 
periment. 

Forty-four  grams  of  the  ketone  were  heated  with  38  grams 
of  phosphorus  pentachloride  at  170°  to  180°  for  four  hours. 
When  distilled,  24.5  grams  of  the  ketone  chloride  were  ob- 
tained. A  high-boiling  residue  was  left.  The  action  of  the 
phosphorus  pentachloride  was  evidently  carried  too  far. 
When  redistilled,  the  chloride  boiled  at  223°  at  18  mm.  The 
oily  distillate  soon  changed  to  a  mass  of  stout,  prismatic  crys- 
tals, which  melted  at  52°  to  53°.  The  ketone  chloride  is 
readily  soluble  in  ligroin,  from  which  it  crystallizes  readily. 
When  treated  with  dilute  alcohol  or  with  concentrated  sul- 
phuric acid,  it  is  converted  into  4,4'-dichlorbenzophenone. 

2 ,5 ,2' ^5' -Tetrachlorbenzophenone  Chloride. — A  study  of  the 
best  conditions  for  the  condensation  of  carbon  tetrachloride 
with  /-dichlorbenzene  led  to  the  following  results :  Ten 
grams  of  carbon  tetrachloride,  20  grams  of  />-dichlorbenzene, 
50  cc,  of  carbon  bisulphide,  and  20  grams  of  powdered  alu- 
minium chloride  were  heated  on  a  steam-bath  for  three  hours. 
The  insoluble  aluminium  compound  was  washed  with  car- 
bon bisulphide  and  then  decomposed  by  water.  The  organic 
product  was  extracted  with  carbon  bisulphide  and  the  solu- 
tion so  obtained  evaporated  to  a  small  bulk.  On  slow  evapo- 
ration, the  chloride  of  2,5,2',5'-tetrachlorbenzophenone  was 
deposited  in  large,  brilliant,  colorless  crystals.  By  treatment 
with  a  small  quantity  of  ether  the  coloring-matter  was  re- 
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moved.  When  the  above  proportions  were  used,  18  grams  of 
the  pure  compound  were  obtained.  The  analysis  and  prop- 
erties of  the  compound  were  given  in  the  former  paper. 

Boston,  Mass.,  July  lo,  1903. 


Preliminary  Report  from  the  Kent  Chemical  Laboratory  of  the  University  of  Chicago. 

THE  "BECKMANN  REARRANGEMENT."  III. 

STEREOISOMERIC  CHLORIMIDO  ACID  ETHERS. 
By  Julius  Stieglitz  and  Richard  B.  Earle. 

In  two  previous  papers^  on  the  "  Beckmann  rearrange- 
ment," one  of  us  called  attention  to  the  importance  of  deter- 
mining the  role  of  the  hydrogen  atom,  H*,  when  the  acyl- 
halogenamides,  RCONH*Hal,  are  made  to  suffer  a  "  Beck- 
mann rearrangement"  to  amines  and  their  derivatives  (Hof- 
mann's  reaction)  under  the  influence  of  alkalies.  It  was 
shown  by  Stieglitz  and  Slosson  that  no  such  rearrangement 
could  be  effected  after  the  hydrogen  atom  was  replaced  by  an 
alkyl  or  alphyl  group  with  the  production  of  the  two  possible 
isomeric  series,  the  acylalkylhalogenamines,  RCO(NR'Hal), 
and  the  halogenimidoesters,  RC(OR')(NHal).  The  alkyl 
derivatives  are  comparatively  stable  compounds,  a  fact  which 
is  especially  impressive  in  the  case  of  the  more  interesting  of 
the  two  series,  the  halogenimidoesters.  They  have  the  same 
constitution  as  the  metal  salts,'  RC(OMe)(NHal),  of  the 
parent  substance,  salts  which,  as  is  well  known,  suffer  the  re- 
arrangement with  remarkable  ease  at  rather  low  tempera- 
tures (0°  to  30°).  But  methyl  chlorimidometanitrobenzoate, 
for  instance,  may  be  heated  to  140°  without  undergoing  any 
change. 

This  remarkable  stability  of  the  ethers,  which  have  the  same 
constitution  as  the  salts,  seemed  altogether  incompatible*  with 
the  most  generally  accepted  explanation  of  the  "Beckmann 
rearrangement,"  that  of  Hoogewerff  and  van  Dorp,*  as  a  di- 

1  stieglitz  :  This  Journal,  18,  7  5'  (1896)  ;  ap,  49  (1903) ;  and  also  the  investiga- 
tions with  B.  E.  Slosson  :  Ber.  d.  chem.  Ges.,  aS,  3266  (1895) ;  34.  1613  (1901)  ;  This 
Journal,  29,  289  (1903). 

3  Hantzsch  :  Ber.  d.  chem.  Gesw,  35,  228  (1902)  ;  Stieglitz  and  Ransom  :  Ibid.,  34, 
1615  (1901)  (footnote)  ;  This  Journal,  ap,  64  (1903). 

'  Stieglitz  :  This  Journal,  39,  49  (1903). 

*  Rec.  trav.  chim.  Pays-Bas.,  6,  373  (1887),  etc. 
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rect  exchange  of  an  alk}^  group  for  a  halogen  atom  caused  b}' 
the  greater  affinity  of  nitrogen  for  carbon  radicals  than  for 
halogens.  On  the  basis  of  the  newly  proved  constitution  of 
the  salts  of  the  acylhalogenamides,  Hantzsch^  recently,  formu- 
lated the  conception  of  Hoogewerff  and  van  Dorp  as  follows  : 

RCOMe  BrCOMe 

II  ^  II  . 

BrN  RN 

The  alkali  used  in  the  reaction  is  supposed  to  be  necessary 
only  in  order  to  produce  the  double  bond  between  the  carbon 
and  the  nitrogen  atoms  and  thus  to  bring  the  alkyl  group  and 
the  bromine  atom  into  favorable  proximity  for  an  exchange  of 
positions. 

Our  only  hesitation  in  rejecting  this  interpretation  abso- 
lutely on  the  basis  of  the  proved  stability  of  the  corresponding 
alkyl  ethers  arose  from  the  fact  that  these  chlorimidoethers 
had  been  obtained  by  us  only  in  one  form,  and  it  was  still 
possible"  that  this  one  known  form  might  belong  to  a  stable 
a»/z-series,  the  rearranging  salts  to  a  jyw-series  of  stereoiso- 
mers, as  expressed  in  the  following  formulas  : 

RCOR'  RCOMe 

II  and  II 

NCI  CIN 

"  Anli."  "Syn." 

We  have,  therefore,  continued  our  efforts  to  prepare  stereo- 
isomeric  ethers  in  order  to  test  osperimentally  this  last  possi- 
ble objection  to  our  argument  against  Hoogewerff  and  van 
Dorp's  interpretation  of  the  "  Beckmann  rearrangement." 
We  believe  that  we  have  at  length  succeeded  in  isolating  a 
pair  of  such  stereoisomers,  vis.,  two  methyl  ethers  of  chlor- 
imidometanitrobenzoic  acid.  These  bodies  represent,  at  the 
same  time,  the  simplest  case  of  cis-trans  isomerism  of  nitro- 
gen compounds  as  yet  discovered.  As  is  well  known,  such  a 
form  of  stereoisomerism  has  hitherto  been  observed  with  any 
certainty  only  in  the  case  of  oximes,  hydrazones,  and  some 
diazo  compounds.     In  all  of  these  cases  the  third  bond  of  the 

I  Ber.  d.  cheni.  Ges.,  35,  3579  (i9<m)- 

a  Stieglitx :  This  Jodrnal,  18,  751  (1896) ;  J9,  SS  (1903)- 
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doubly  bound  nitrogen  atom  carries  some  radical,  e.  g., 
OHjNHCgHs ;  in  no  case,  however,  a  single  atom  like  that  of 
chlorine,  although,  for  theoretical  reasons,  earnest  efforts  have 
often  been  made  to  prepare  such  simple  representatives  of  the 
type  of  stereoisomerism  elaborated  by  Hantzsch  and  Werner. 
The  new  isomers  form  this  long-missed  link  in  their  fruitful 
theory. 

The  isomers  were  discovered  only  a  few  weeks  ago.  But 
as  our  work  is  about  to  be  interrupted  for  half  a  year,  we  feel 
obliged  to  publish  our  results  at  once  in  order  to  hold  the  field 
of  work.'  We  have  already  been  able  to  prove  that  the  two 
ethers  in  question  are  identical  as  regards  constitution  and 
molecular  weight,  and  we  also  have  excluded  experimentally 
the  possibility  of  physical  isomerism  (crystal  modifications). 
All  possible  forms  of  isomerism,  excepting  that  of  stereoiso- 
merism, having  thus  been  excluded,  the  two  ethers  must  be 
space  isomers.  On  the  basis  of  the  theory  of  Hantzsch  and 
Werner,  the  relation  would  be  that  of  syn-  and  anti-iorms,  viz.  : 

NOAH.C.OCH,  N0AH,C.0CH3 

II  II 

CIN  NCI 

"Syn."  "Anli." 

Although  time  and  material  were  lacking  for  a  complete 
examination  of  the  chemical  changes  of  the  isomers,  we  have 
been  able  to  show  that  both  isomers  are  stable  bodies  which 
remain  unchanged  when  warmed  for  some  time  to  80°,  or  even 
when  heated  a  few  minutes  to  140°.  Consequently,  neither 
suffers  a  "  Beckmann  rearrangement"  under  the  influence  of 
heat.  We  have  never  observed,  as  yet,  a  change  of  one 
stereoisomer  into  the  other.  The  absence  of  the  tendency  to 
rearrangement  in  both  cases  is  not  at  all  due  then  to  any  pos- 
sible tendency  of  a  reactive  syn-ioim  to  go  over  into  a  more 
stable  anti-iorm  under  the  conditions  which  are  used  to 
rearrange  the  metal  salts.  Our  observations  up  to  the 
present,  therefore,  strengthen  most  decidedly  our  objections 

1  In  the  autumn  the  preparation  of  other  stereoisomeric  nitrogen  halides  will  be 
attempted  (the  salts  of  the  acylhalogenamides  also  exist  apssibly  in  two  forms). 
The  parent  substances  of  the  chlorimido  ethers,  the  imido  eihers,  and  their  deriva- 
tives will  also  be  examined  in  this  direction. 
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to  the  interpretation  of  the  "  Beckmann  rearrangement"  given 
by  Hoogewerff  and  van  Dorp  and  by  Hantzsch,  and  favor  the 
explanation  of  the  reaction  given  by  one  of  us.^ 

EXPERIMENTAL  PART. 

In  the  attempts  to  prepare  stereoisomeric  chlorimidoesters^ 
we  were  guided  by  the  idea  that  an  acylchloramide  which 
forms  with  alkalies  rearranging  salts,  possibly  of  a  jrj'n-series, 
might  give  by  methylation  with  diazomethane^  an  ether  of  the 
same  reactive  series,  different  from  the  chlorimidoether  ob- 
tained in  the  usual  way  by  the  action  of  hypochlorous  acid 
on  an  imidoether.^  At  the  same  time  it  was  desirable  to  ob- 
tain any  stereoisomers  in  a  solid  form,  and  for  that  reason  de- 
rivatives of  metanitrobenzoic  acid  were  first  employed.  We 
found  that  the  action  of  hypochlorous  acid  on  methylimido- 
metanitrobenzoate  resulted  in  the  formation  of  both  stereoiso- 
mers at  the  same  time.  They  were  separated  from  each  other 
by  repeated  recrystallization.  The  action  of  diazomethane 
on  nitrobenzchloramide  gave  a  much  less  pure  product,  from 
which  only  the  higher-melting  isomer,  which  we  will  call  the 
a-body  for  the  present,  was  obtained  in  a  pure  condition. 

m- Nitrobenzchloramide,  w-NOjCgH^CONHCl,  was  prepared 
according  to  the  method  of  Graebe  and  Rostovzeff*  from  nitro- 
benzamide  and  sodium  hypochlorite.  Acetic  acid  precipita- 
ted the  chloramide  as  a  colorless,  gelatinous  mass.  When 
dry,  it  was  recrystallized  from  a  mixture  of  acetone  and  ben- 
zene. It  melts  at  183°  to  184°  with  decomposition.  A  quan- 
titative yield  was  obtained. 

For  analysis,  as  in  the  case  of  all  the  nitrogen  halides  de- 
scribed in  this  paper,  the  cornpound  was  dissolved  in  alcohol 
and  treated  with  a  solution  of  potassium  iodide  acidified  with 
acetic  acid.  The  iodine  which  was  liberated  was  titrated 
against  standard  thiosulphate  solution. 

I.  0.1 1 14  gram  substance  gave  0.0196  gram  CI. 

II.  0.1699  gram  substance  gave  0.0302  gram  CI. 

1  Stieglitz  :  This  Jourwal,  loc.  cit. 

'  Stieglitz  and  Ransom  :  /*«rf.,  ap,  49  (1903).  .• 

'  Stieglite  :  Ibid.,  i8,  75'  (1S96). 

*  Ber.  d.  chem.  Ges.,  35,  2750  (1903). 
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Calculated  for  Found. 

C7H6O3N2CI.  I.  II. 

CI  17.67  17.55  17.77 

Action  of  Diazomethane  on  m-Nitrobenzchloramide . 

Methyl  Chlorimido-m-nitrobenzoate  {a-body), 
NO,CjH,C(  :NC1)0CH3.— The  chloramide  is  suspended  in 
anhydrous  ether  and  diazomethane  passed  into  the  mixture 
until  the  sohition  appears  distinctly  yellow.  The  action  takes 
place  tolerably  fast  at  ordinary  temperatures  and  may  be  has-^ 
tened  by  warming  the  mixture  on  the  water-bath.  It  is  com- 
plete as  soon  as  all  the  solid  substance  has  dissolved.  On 
evaporation  of  the  ether  in  a  vacuum,  long,  prismatic  crystals 
of  the  chlorimidoether  are  deposited.  It  is  purified  by  re- 
peated precipitation  from  its  solution  in  chloroform  by  means 
of  low-boiling  ligroin. 

I.  0.1532  gram  substance  gave  0.0250  gram  CI. 

II.  0.1365  gram  substance  gave  0.0222  gram  CI. 

CI 

The  compound  crystallizes  from  chloroform  and  ligroin  in 
ian-like  groups  of  silky  needles.  By  the  slow  evaporation  of 
the  solutions,  long  prisms  or  rectangular  plates  are  obtained 
(see  Fig.  I.).  The  substance  melts  at  86°. 5  to  87°. 5  without 
decomposition,  and  melts  at  the  same  point  if  it  is  allowed  to 


Calculated  for 
CgHjOsNoCl. 

I. 

Found. 

II. 

16.52 

16.33 

16.29 

Fig.  I.    a-body. 


Fig.  2.    i3-body. 


^C^ 


Fig.  3. 


solidify  and  is  heated  once  more.  It  is  easily  soluble  in 
■chloroform,  benzene,  and  acetone  ;  quite  soluble  in  ether  and 
warm  ligroin,   hardly  soluble  in  cold  ligroin.     A  more  de- 
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tailed  description  of  the  physical  properties  of  the  compound 
will  be  given  below,  when  it  will  be  compared  with  the  stereo- 
isomer, which  will  be  called  for  the  present  the  /3-body. 

The  constitution  of  the  ar-body  was  determined  by  treat- 
ment of  the  substance  with  dry  hydrogen  chloride  in  the  pres- 
ence of  ligroin.  The  hydrochloride  of  methyl  imido-w-nitro- 
benzoate  was  obtained  according  to  '} 

NO,CsH,C(  :  NC1)0CH,  +  2HCI     — 

NO,CsH,C( :  NH)0CH„HC1  +  CI,. 

The  hydrochloride  of  the  imidoether  decomposed,  when 
melted,  into  methyl  chloride  and  w-nitrobenzamide  : 

NO,CeH,C(NH)OCH„HCl    »-     CH3CI  +  NOAH.CONH,. 

The  amide  was  identified  by  its  melting-point,  which  was 
not  depressed  by  the  admixture  of  some  synthetic  w-nitro- 
benzamide  (m,  p.  142°). 

The  hydrochloride  of  methyl  imido-w-nitrobenzoate  ob- 
tained from  the  or-body  was  also  identified  by  the  fact  that 
with  cold  water  it  gave  ammonium  chloride  and  methyl  r«-nitro- 
benzoate  (m.  p.  75"  to  76°)  : 

NOAH4C(NH)OCH3,HCl  +  H,0    -* 

NO,CeH,CO,CH,  +  NH.CL 

In  a  roughly  quantitative  study  of  the  action  of  dry  hydro- 
gen chloride  on  the  a-body,  0.163  gram  substance  gave  0.151 
gram  of  the  hydrochloride  of  the  imidoether,  or  91.8  per  cent 
of  the  theoretical  yield.  From  the  salt,  0.109  gram  methyl 
w-nitrobenzoate  was  obtained  by  the  action  of  water,  that  is 
86.5  per  cent  of  the  calculated  yield.  The  fact  thus  estab- 
lished, that  in  the  a-body  the  methyl  group  is  attached  to  the 
oxygen  atom  of  the  acid  radical,  is  confirmed  by  the  proof 
brought  below,  that  the  only  possible  constitutional  isomer, 
7«-nitrobenzmethylchloramine,  N02C6H4CO(NClCHj),  is  an 
entirely  different  substance. 

The  action  of  diazomethane  on  w-nitrobenzchloramine  takes 
place,  therefore,  according  to  : 

1  stieglitz  :  This  Journal,  i8,  75'  (1896). 
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N0,C,H,C0NHC1  +  CH,N,    --- 

N0AH4C(0CH,)( :  NCI)  +  N„ 

and  the  constitution  of  the  a-body  is  that  given  in  this  equa- 
tion. 

The  Action  of  Hypochlorous  Acid  on  Methyl  Imido-m-nitro- 
benzoate. 

The  hydrochloride  of  methyl  imido-TW-nitrobenzoate  (15 
grams)  is  added  rapidly  to  a  large  excess  of  sodium  hypo- 
chlorite^ at  30°.*  An  oil  separates  instantly  and  then  solidifies 
in  a  few  moments.  The  crude  product  is  washed  with  cold 
water  and  then  dried  on  clay  plates.  The  average  yield  is  9 
to  10  grams.  The  crude  product  melts  at  63°  to  68°.  After 
two  recrystallizations  from  ligroin  the  ^^-modification  of 
methyl  chlorimido-w-nitrobenzoate  is  first  precipitated,  to- 
gether with  small  quantities  of  the  yS-body,  which  lowers  the 
melting-point  from  87°  to  79".  That  the  substance  is  other- 
wise pure  is  shown  by  the  following  analysis  : 

0.1891  gram  substance  gave  0.0315  gram  CI. 

Calculated  for 
C8H7O3N2CI.  Fouud. 

CI  16.52  16.64 

From  the  mother-liquors,  crystals  are  obtained  which  melt 
at  56°  to  63°,  and  the  analyses  of  which  also  prove  them  to  be 
pure  methyl  chlorimido-w-nitrobenzoate,  but  these  crystals 
consist  of  mixtures  of  the  two  stereoisomeric  bodies  (the  oc- 
and  the /^-modifications).  The  analyses  of  several  of  these 
low- melting  mixtures  are  given  in  order  to  show  that  we  have 
to  do  from  the  beginning  with  mixtures  of  the  pure  isomers  : 
I.  0.1660  gram  substance  gave  0.0273  gram  CI. 
II.  0.2021  gram  substance  gave  0.0336  gram  CI. 

III.  0.1468  gram  substance  gave  0.0244  gram  CI. 

Calculated  for  Found. 

CgHiOgNjCl.  I.  II.  III. 

CI  16.52  16.44        16.63        16.63 

From  this  mixture  the  two  isomers  were  isolated  in  a  pure 
condition  by  repeated  recrystallization.     We  found  the  best 

1  Prepared  according  to  Graebe's  method  {loc.  cit.). 

-  At  0°  the  reaction-products  and  the  yields  are  the  same. 
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procedure  to  be  the  following :  The  crude  product  is  ex- 
tracted three  times  with  some  boiling  ligroin  (b.  p.  40°)  and 
the  residue  is  dissolved  in  chloroform  and  an  excess  of  ligroin 
added  to  the  solution.  The  a-body  is  precipitated  in  a  fairly- 
pure  condition  (m.  p.  79°).  By  repeated  recr3'stallization 
from  chloroform  and  ligroin,  it  is  obtained  absolutely  free  from 
the  yS-body,  and  melts  then  at  87°. 5.  This  melting-point  is 
the  same  as  that  of  the  compound  obtained  from  nitrobenz- 
chloramide  and  diazomethane.  A  mixture  of  crystals  of  the 
compound  prepared  by  the  two  methods  of  formation  also 
melted  at  87°. 5.  The  formation  of  methyl  chloriraido-w-nitro- 
benzoate  (ar-body)  from  methyl  imido-;«-nitrobenzoate  and 
hypochlorous  acid  is  expressed  by  the  equation  : 

NO,CgH,C(  :  NH)0CH3  +  HOCl     — 

NO,CeH,C(  :  NC1)0CH3  +  H,0. 

Methyl  Chlorimido-vi-nitrobenzoate  {f3-body) , 
NO.CfiH.CC  :  NCl)OCHj.  —  The  second  stereoisomer,  the 
yS-body,  is  obtained  from  the  first  extracts  of  the  crude  ma- 
terial with  boiling  ligroin  and  from  the  mother-liquors  ob- 
tained in  the  isolation  of  the  ar-body.  After  the  evaporation 
of  the  solvents,  the  residue  which  still  contains  considerable 
quantities  of  the  «-body,  is  dissolved  once  more  in  chloro- 
form, ligroin  added  to  the  solution,  and,  after  a  short  time, 
the  supernatant  liquid  poured  off  from  the  precipitated  crys- 
tals of  the  a-body,  and  allowed  to  evaporate  spontaneously. 
Needle-shaped  crystals  of  the  less  soluble  a-modification, 
mixed  with  some  of  the  /?-form,  are  deposited  on  the  sides  of 
the  vessel,  and  larger,  rhombic  crystals  of  the  /5-body  are  de- 
posited on  the  bottom  of  the  vessel.  The  latter  are  now  al- 
most pure  and  melt  at  79°.  The  addition  of  some  of  the 
or-body  depresses  the  melting-point  to  63°  to  70°.  One  or  two 
further  recrystallizations  by  the  method  of  evaporation,  as 
just  described,  raise  the  melting-point  of  the  /^-modification 
to  8i°-82°,  and  further  recrystallizations  then  leave  the 
melting-point  unchanged.  The  yield  of  the  pure  /?-body  was 
rather  small,  no  doubt  partly  in  consequence  of  the  very  long 
method  of  purification  that  had  to  be  used.     Several  grams, 
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however,  were  obtained  in  the  course  of  our  working  up  some 
100  grams  of  crude  material  in  several  portions. 
I.  0.1 133  gram  substance  gave  0.0189  gram  CI. 
II.  0.1601  gram  substance  gave  0.0264  gram  CI. 

Calculated  for  Found. 

CsHjOsNgCl.  I.  II. 

CI  16.52  16.68  16.50 

The  /8-body  has  the  same  constitution  as  the  or-body.  The 
possibility  of  its  having  been  formed  by  a  molecular  rear- 
rangement^ according  to 

N0AH,C(0CH3)(NC1)     «--     NO.CgH.COCNClCH,), 

was  excluded  by  the  preparation  of  w-nitrobenzoylmethyl- 
chloramine  (see  below)  as  well  as  by  the  action  of  dry  hydro- 
gen chloride  on  the  ^-body  in  the  presence  of  ligroin.  In  the 
latter  experiment,  exactly  the  same  result  was  obtained  as  in 
the  case  of  the  o'-body.  The  hydrochloride  of  methyl  imido- 
nitrobenzoate  was  formed.  It  melted  at  127°  with  evolution 
of  methyl  chloride  and  formation  of  w-nitrobenzamide.  The 
latter  was  recrystallized  once  from  hot  water  and  melted  at 
140°.  Mixed  with  som.e  synthetically  prepared  w-nitrobenz- 
amide  (m.  p.  142°),  it  melted  at  141°.  The  hydrochloride  of 
the  imidoether  also  gave,  with  water,  methyl  w-nitrobenzoate 
(m.  p.  77°).  In  a  roughly  quantitative  experiment  we  ob- 
tained from  0.179  gram  of  the  purest  /^-compound  0.160  gram 
of  the  hydrochloride  of  the  imidoether,  or  94  per  cent  of  the 
calculated  amount.  From  the  salt,  0.118  gram  of  methyl 
w-nitrobenzoate  (m.  p.  76°  to  77°)  was  obtained  by  the  action 
of  water,  that  is  88  per  cent  of  the  calculated  amount.  A 
mixture  was  prepared  of  the  methyl  w-nitrobenzoate  (m.  p. 
76°  to  77°)  obtained  from  the  yS-body  and  the  methyl  w-nitro- 
benzoate  (m.  p.  76°  to  77°)  obtained  from  the  a-body  (see 
above).  The  mixture  also  melted  at  76°  to  77°.  There  is  no 
doubt,  therefore,  that  in  both  the  oc-  and  /^-bodies  the  methyl 
group  is  attached  to  the  oxygen  atom  of  the  acid  radical,  and 
the  nitro  group  is  in  the  same  position  (meta)  relative  to  the 

'  Imidoethers  suffer  such  a' rearrangement  when  they  are  heated  with  methyl 
odide,  but  not  under  the  conditions  used  above.         . 
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acid  radical — in  a  word,  that  the  two  bodies  have  the  same 
constitution  and  are  methyl  chlorimido-w-nitrobenzoates. 

N'Methyl~m-nitrobenzchloramide,  NOjCgH^COCNClCH,),  was 
prepared  in  order  to  exclude  the  possibility  that  we  had  mis- 
taken it  for  one  of  the  described  modifications  of  the  isomeric 
oxygen  ether  of  the  chloramide.  Two  grams  of  w-nitrobenz- 
methylamide  (m.  p.  176°),  prepared  from  w-nitrobenzoyl- 
chloride  and  methylamine,  was  suspended  in  100  cc.  of  water 
at  40°,  and  the  chlorine  evolved  by  the  action  of  8  grams  of 
potassium  permanganate  on  hydrochloric  acid  was  passed  into 
the  mixture.  The  crystals  were  converted  into  a  more  floc- 
culent  precipitate.  The  compound  was  washed  with  water 
and  then  dried  and  recrystallized  once  from  ligroin  (b.  p.  70° 
to  80°). 

0.2143  gram  substance  gave  0.0356  gram  CI. 

Calculated  for 
CsHrOaNsCl.  Found. 

CI  16.52  16.62 

The  melting-point  of  this  nitrogen  ether  was  found  to  be  76° 
to  77°,  which  is  rather  close  to  the  melting-points  of  the  iso- 
meric oxygen  ethers.  But  we  found  in  repeated  experiments 
that  mixtures  of  equal  quantities  of  the  nitrogen  ether  (m.  p. 
77°),  and  either  the  ff-body  (m.  p.  87°)  or  the  yS-body  (m.  p. 
81°)  invariably  melted  much  lower  than  any  of  the  com- 
pounds, viz.,  at  60°  to  68°.  There  can  be  no  doubt,  there- 
fore, that  the  nitrogen  ether  is  entirely  distinct  from  either  of 
the  two  other  isomers.  It  crystallizes  in  thick,  monoclinic 
prisms  with  characteristic  ends  (see Fig.  III.),  quite  different 
from  the  crystal  forms  of  the  two  oxygen  ethers.  Treated 
vsdth  dry  hydrogen  chloride  in  the  presence  of  ligroin,  it  is 
converted  into  w-nitrobenzmethylamide,  a  reversal  of  the 
method  we  used  in  preparing  it. 

N0,C,H,C0NH"CH3  -f  CI,  'tZ,   NOAH.CONClCHa  +  HCl. 

Comparison  of  the  a-  and  ^-Modifications  of  Methyl  Chlorimido- 
■m-nitrobenzaate . 
Tlie  Crystal  Forms. — The  difference  in  the  crystalline  struc- 
ture of  the  two  stereoisomers  is  apparent  even  to  the  naked 
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eye.  The  or-body  forms  needles  which  have  a  soft,  silky  lus- 
ter ;  the  /?-body  crystallizes  in  granular  masses.  Under  the 
microscope  the  a-compound  appears  in  long  needles,  grouped 
in  clusters.  When  it  is  allowed  to  crystallize  slowly,  by  the 
evaporation  of  its  solutions  at  ordinary  temperatures,  it  forms 
rectangular  plates  (see  Fig,  I.).  The  /3-compound  appears 
under  the  microscope  in  the  form  of  very  thin  rhombohedric 
plates,  which  grow  in  separate  crystals  (see  Fig.  II.). 

The  Molecular  Weight. — The  molecular  weights  were  de- 
termined by  the  cryoscopic  method,  benzene  being  used  as 
solvent.  In  the  calculation  of  the  results,  53  was  used  as  the 
constant  for  benzene,  this  being  its  theoretical  value  as  cal- 
culated from  the  melting-point  and  the  heat  of  fusion  of  the 
solvent.  If  the  empirical  constant,  49,  is  taken,  as  is  often 
done,  the  molecular  weights  found  for  the  a-  and  ^-varieties 
are  about  8  per  cent  lower  than  those  given  below,  but  they 
still  agree  perfectly  with  each  other  and  satisfactorily  with  the 
theoretical  molecular  weight. 

1.  The  ar-body  (m.  p.  86°  to  88°).     21.79  grams  solvent. 
I.  0.1596  gram  substance  gave  o'.i89  depression.^ 

II.  0.3098  gram  substance  gave  o°.36o  depression. 
III.  0.4624  gram  substance  gave  o°.5i8  depression. 

Calculated  for  Found. 

CsHjOaNaCl.  I.  II.  III. 

Molec.  wt.  214.5  204         206         215 

2.  The  ^-body  (m.  p.  77°).''     21.03  grams  solvent. 
I.  0.1444  gram  substance  gave  o°.i84  depression. 

II.  0.3054  gram  substance  gave  o°.375  depression. 
III.  0.4788  gram  substance  gave  ©".569  depression. 

Calculated  for  Found. 

C8H7O3N2CI.  I.  II.  III. 

Molec.  wt.  214.5  196-5       202.5       207 

3.  A  mixture  of  the  a-  and  /3-bodies  (m.  p.  67°).^  21.89 
grams  solvent. 

I.  0.1468  gram  substance  gave  o°.i6S  depres.sion. 

'  The  mean  of  two  or  three  readings  is  always  gi^en. 

*  The  melting-point  fell  to  63°  to  65*  when  a  little  of  the  a-body  was  added  to  the 
substance. 

^  Analysis  :  Calculated,  Cl  16.53;  found,  Cl  16.63. 
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II.  0.2988  gram  substance  gave  o°.33i  depression. 
III.  0.4572  gram  substance  gave  o°.50o  depression. 

Calculated  for  Found. 

C8H7O3N2CI.  I.  II.  III. 

Molec.  wt.  214.5  210         2x6         217 

The  Melting-points. — i.  Each  isomer,  added  to  the  other 
one,  both  being  absolutely  pure,  causes  a  decided  depression 
of  the  melting-point  of  the  body  used.  The  melting-point  of 
the  a-body  is  depressed  from  87°  to  63°-65°,  that  of  the 
^-body  from  82°  to  63°-65'',  when  approximately  equal  quanti- 
ties of  the  two  isomers  are  mixed  and  the  depression  is 
roughly  in  proportion  to  the  amount  of  the  foreign  isomer 
added. 

2.  Each  body,  when  it  is  melted  and  allowed  to  solidify 
again,  always  gives  the  same  melting-point  as  the  original 
substance  used.^  There  is,  consequently,  no  transformation 
of  one  isomer  into  the  other  when  the  bodies  crystallize  from 
the  liquid  condition. 

3.  If  the  ar-body  is  fused  and  made  to  solidify  again  with 
the  aid  of  a  glass  rod,  to  which  a  very  small  quantity  of  the 
^-body  has  been  made  to  adhere,  it  still  remains  the  a-bodj'- 
in  spite  of  the  contact  with  the  ^-isomer  at  the  moment  of 
crystallization.  In  consequence  of  the  admixture  of  the  small 
quantity  of  the  foreign  isomer,  its  melting-point  sinks  from 
87°. 5  to  85°-86°  and  it  is  reduced  to  63°  to  70°  by  the  addition 
of  still  more  of  the  /3-form. 

Exactly  the  same  results  are  obtained  with  the  /?-body 
when  it  is  allowed  to  crystallize  in  contact  with  very  small 
amounts  of  the  o'-body.  It  always  preserves  its  own  identity  ; 
the  melting-point  is  never  raised  but  is  depressed,  roughly,  in 
proportion  to  the  amount  of  the  foreign  isomer  used.  The 
same  observations  are  also  made  when  the  liquid  condition  is 
produced  by  evaporation  of  a  solution  rather  than  by  fusion 
and  crystallization  allowed  to  proceed  in  contact  with  the  for- 
eign isomer. 

These  results,  together  with  the  fact  that  a  transformation 

1  The  compounds  must  be  perfectly  pure.  Otherwise  the  (3-torm  occasionally 
shows,  after  fusion  and  recrystallization,  a  depression  of  io°,  probably  in  consequence 
of  some  decomposition  (coloration). 
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of  either  of  the  isomers  into  the  other  one  has  never  been  ob- 
served under  any  conditions,  and  that  the  two  isomers  crystal- 
lize side  by  side  from  the  same  solutions  in  ligroin,  completely 
exclude,  we  believe,  the  possibility  that  the  two  forms  are 
physical  (crystal)  isomers  of  the  same  compound. 

Physical  and  structural  isomerism  thus  being  excluded  and 
the  molecular  weights  of  the  two  bodies  being  identical,  the 
latter  must  be  stereoisomers.  They  are,  therefore,  no  doubt 
syn-  and  a«^*-isomers,  as  explained  in  the  introduction 
(page  400) .  No  other  known  form  of  stereoisomerism  would 
obtain  for  compounds  of  this  constitution.  As  no  reliable 
basis  for  distinguishing  either  form  as  the  syn-  or  anti- 
isomer  has  yet  been  found,  we  will  leave  the  determination  of 
this  question  to  a  future  investigation. 

The  Action  of  Heat  on  the  Stereoisomers. 

The  action  of  heat  on  the  two  stereoisomers  was  studied 
first  as  being  of  peculiar  interest,  because  the  corresponding 
sodium  salt  of  w-nitrobenzbromamine, 

NOAH,C(  :  NBr)ONa, 

suffers  a  "Beckmann  rearrangement"  when  it  is  warmed  in  an 
aqueous^  or  alcoholic^  solution.  If  the  alkali  metal  is  only 
necessary  to  produce  the  double  bond  between  carbon  and 
nitrogen  in  order  to  effect  the  rearrangement,^  then  at  least 
one  of  the  stereoisomeric  esters  should  suffer  a  similar  rear- 
rangement when  heated  or  even  warmed. 

I.  0.0778  gram  of  the  almost  pure  /3-compound  (m.  p.  77° 
to  79°)  was  heated  for  forty  minutes  at  80°  to  85°  in  a  flask 
closed  by  a  tube  containing  calcium  chloride.  A  trace  of 
substance  sublimed.  The  residue  (0.0766  gram)  was  ana- 
lyzed by  means  of  potassium  iodide  and  thiosulphate  and  gave 
16.78  per  cent  active  chlorine  (16.53  per  cent  is  the  calcula- 
ted amount  for  the  unchanged  substance).  In  a  second  ex- 
periment, some  of  the  purest  preparation  of  the  /^-compound 
(m.   p.   81°  to   82°)  was  heated   for  one   hour  to  80°   to  85°. 

1  Hoogewerff  and  van  Dorp  :  Rec.  trav.  chira.,  Pays-Bas.,  8,  193  (18S8). 

■  Folin  :  This  Journal,  19,  325  (1897). 

3  Hantzsch  :  Ber.  d.  chem.  Ges.,  35,  3580  (1902). 
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After  solidifying,  it  again  melted  at  8i°  to  82°.  and  the  addi- 
tion of  some  of  the  a-body  depressed  the  melting-point  16°. 
Consequently,  prolonged  heating  at  80°  produces  neither  a 
"  Beckmann  rearrangement"  of  the  yS-body  nor  a  transforma- 
tion into  the  «-form. 

2.  0.0686  gram  of  the  purest  y^-body  was  heated  for  five 
minutes  at  130°  to  140°.  The  residue  gave  16.78  per  cent  ac- 
tive chlorine  (calculated  16.53  per  cent) .  Heating  the  )3-body 
even  to  140°,  therefore,  does  not  produce  a  rearrangement. 
In  two  other  experiments  with  the  /3-body,  heating  to  140' 
caused  in  the  one  case  a  slight  depression  of  its  melting-point 
(from  82°  to  76°) ,  in  the  second  case  no  depression  at  all,  and 
in  both  cases  the  admixture  of  some  a-body  caused  a  decided 
depression  of  the  melting-point.  Consequently,  there  is  no 
transformation  of  the  ^-body  into  the  o'-compound  even  at 
140°. 

3.  Analogous  experiments  were  carried  out  with  the  or-body. 
Heating  it  a  half  hour  at  90°  to  95°,  or  five  minutes  at  130°  to 
140°,  left  the  bod}'  unchanged.  Mixed  with  purest  a-body, 
the  solidified,  heated  sample  showed  no  change  of  melting- 
point,  and  mixed  with  some  /S-compound,  its  melting-point 
was  decidedly  depressed,  as  usual.  The  «-body,  conse- 
quently, suffers  neither  a  "  Beckmann  rearrangement"  nor  a 
transformation  into  the  y3-body  when  heated  as  high  as  140°. 

Chicago,  April,  1903. 


Contribution  from  the  Kent  Chemical  Laboratory  of  the  University  of  Chicago. 

THE  "BECKMANN  REARRANGEMENT."  IV. 

By  Julius  Stieglitz  and  Richard  b.  Earle. 
PART    I. 

The  Formation  of  Acylalkylureas  in  Hofmann's  Reaction. 

In  the  preparation  of  an  alkylamine,  according  to  Hofmann's 
method,  from  an  acid  halogenamide  or  from  an  acid  amide, 
bromine  and  alkali,  by  a  "  Beckmann  rearrangement"  of  the 
acidamide,^  an  acylalkylurea  is  often  obtained"  as  a  by-prod - 

1  Hoogewerfif  and  van  Dorp  :  Rec.  trav.  chim.  Pays-Bas-,  6,  373  (1887)  ;  8,  173 
(1889),  etc. ;  Stieglitz  :  This  Journal,  18,  751  (1896)  ;  29,  49  (1903)- 

2  Hofmann  :  Her.  d.  cheni.  Gcs.,  15,  413  (1883). 
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net,  and  it  frequently  is  the  main  product  if  an  excess  of  the 
acid  amide  is  used.  Thus  2  molecules  of  acetamide  treated 
with  I  molecule  of  bromine  and  2  of  alkali  give  a  very  good 
yield  of  acetylmethylurea/  only  i  molecule  of  the  amide  suf- 
fering the  characteristic  rearrangement : 

2CH,C0NH,  +  Br,  +  2NaOH     — 

CH3CONHCONHCH3  +  2NaBr  +  2H,0   (i). 

In  the  higher  aliphatic  series  the  urea  is  the  main  product,* 
even  when  no  excess  of  the  acid  amide  is  used,  if  aqueous 
solutions  of  an  alkali  are  employed  to  effect  the  rearrange- 
ment. The  yield  of  amine  is,  consequently,  a  very  poor  one. 
In  alcoholic  solutions,  specific  precautions  must  be  taken  if  a 
complete  rearrangement  of  a  higher  aliphatic  acid  amide  is 
desired,  otherwise  the  acylalkylurea  is  again  the  chief  product 
obtained.^ 

The  ready  formation  of  these  alkylacylureas  has  been 
ascribed*  to  the  supposed  fact  that  the  alkyl  isocyanate*  which 
forms  the  first  tangible  product  of  the  rearrangement  of  the 
ac}dhalogenamide,  combines  with  any  excess  of  acid  amide 
which  may  be  present.  The  action  is  supposed  to  go  accord- 
ing to  the  following  two  stages  : 

RCONHHal  +  KOH  —  CO  :  NR  +  KHal  +  H,0  ;  (2) 
CO  :  NR  +  RCONH,     -*     RCONHCONHR.  (3) 

But  this  latter  condensation  actually  takes  place  readily  only 
at  elevated  temperatures,  and  Dr.  Elizabeth  Jeffreys,"  work- 
ing under  the  direction  of  the  one  of  us,  was  able  to  show  that 
neither  phenyl  isocyanate  nor  chlorformanilide  can  be  made  to 
combine  with  an  acid  amide  in  the  presence  of  alcohol,  a 
urethane  being  invariably  produced  rather  than  an  acylalkyl- 
urea. 

1  Hofmann  :  Ber.  d.  chem.  Ges.,  14,  2725  (i88i). 

*  Turpin  :  Ibid.,  ai,  2488  (i888). 

3  Jeffreys  :  This  Joxjunai.,  aa,  14  (1889).  See  also  Swartz  :  Ibid.,  19, 295  (1897)  ;  and 
Folin  :  Ibid.,  19,  325  (1897). 

*  Hofmann  :  Ber.  d.  chem.  Ges.,  15,  410  (1882) ;  Graebe  and  Rostovzeff  :  Ibid.,  35, 
3747  (1902). 

6  Or  the  halogen  formamide,  (Hal)CONHR,  derived  from  it,  Graebe:  Loc.  cit.; 
Hoogrewerff  and  van  Dorp  :  Loc.  cit. 
«  Loc.  cit.,  p.  42. 
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The  present  investigation  was  undertaken  with  the  object 
of  determining  the  real  course  of  the  formation  of  acylalkyl- 
ureas  in  Hofmann's  reaction,  and  especially  of  ascertaining 
whether  their  formation  under  the  conditions  described  above 
could  mean  that  isocyanates  cannot  always  be  accepted  as  the 
first  intermediate  products  of  the  rearrangement  of  acid  halo- 
genamides/ 

Having  found,  with  Dr.  J.  H.  Ransom,  that  acid  chlor- 
amides  are  very  readily  methylated  by  the  action  of  diazo- 
methane,^  the  one  of  us  suspected  that  the  formation  of  acyl- 
alkylureas  in  Hofmann's  reaction  is  due  to  the  condensation 
of  a  molecule  of  an  isocyanate — formed  by  the  rearrangement 
of  I  molecule  of  an  acid  halogenamide — with  a  second  mole- 
cule of  the  acid  halogenamide  itself,  an  acylhalogenalkylurea 
being  formed  according  to  : 

RCONH(Hal)  +  KOH     »--    RN  :  CO  +  KHal  +  H,0;  (4) 
RCONH(Hal)  +  RN  :  CO     —     RCON(Hal)CONHR.   (5) 

The  urea,  containing  a  nitrogen  halide  group,  would  be 
readily  saponified  in  an  alkaline  solution*  and  form  a  hypo- 
chlorite, or  hypobromite,  and  an  acylalkylurea  : 

RCON(Hal)CONHR  +  KOH    — - 

RCONHCONHR  -|-  KOHal.   (6) 

The  hypochlorite  or  hypobromite  would  then  be  available 
to  act  on  a  further  molecule  of  acid  amide,  if  such  were  still 
present,  and  thus  complete  the  reaction  according  to  the  pro- 
portions expressed  summarily  in  equation  (i). 

We  have  found  that,  both  in  the  aliphatic  and  in  the  aro- 
matic series,  acid  chloramides  do  condense,  in  fact,  very  readily 
and  sometimes  almost  explosively  with  isocyanates,  according 
to  equations  (5)  and  (6),  Acylalkylureas  are  obtained  very 
easily  at  ordinary  temperatures  in  the  presence  of  alkalies, 
under  conditions,  therefore,  such  as  actually  exist  when  Hof- 
mann's reaction  is  carried  out.  As  determined  once  more, 
aliphatic  and  aromatic  acid  amides  do  not  respond  at  all  to 

»  stieglitz  :  This  Journal,  loc.  cit. 

"i  Ibid.,  ap,  49  (1903). 

3  Slosson  :  Ibid.,  ap,  289  (1903). 
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the  action  of  isocyanates  under  these  circumstances.  The 
formation  of  acylalkylureas  in  Hofmann's  reaction  is  conse- 
quently due  to  the  ready  condensation  of  an  isocyanate,  the 
primary  product  of  the  rearrangement  of  a  molecule  of  an  acid 
halogenamide,  with  a  second  molecule  of  the  latter,  and  to  a 
subsequent  saponification  of  the  condensation-product.  The 
action  is,  therefore,  now  also  in  complete  harmony  with  the 
conception  that  an  isocyanate  may  always  be  considered  to  be 
the  first  product  of  the  "Beckmann  rearrangement"  of  an 
acid  halogenamide. 

If  the  condensation  of  an  aromatic  isocyanate  with  an  acid 
halogenamide  is  carried  out  in  the  absence  of  alkali  under 
<;onditions,  therefore,  which  would  not  lead  to  the  saponifica- 
tion of  the  acylhalogenalkylurea  formed  primarily — see  equa- 
tions (5)  and  (6) — the  urea  is  frequently  found  to  suffer  spon- 
taneously an  inter-  or  intramolecular  migration  of  the  halogen 
atom  into  the  aromatic  nucleus  : 

RC0N(Hal)C0NHCeH5  i-*  RCONHCONHCeH,(Hal).   (7) 

This  rearrangement  is  somewhat  analogous  to  the  trans- 
formation of  acylphenylhalogenamines  into  acylhalogenanil- 
ides,' 

RCONCHaOCgHj     »-     RCONHCgH.CHal), 

but  it  differs  from  the  latter  in  the  fact  that  the  halogen  is  not 
attached  to  the  same  nitrogen  atom  as  the  phenyl  group  into 
which  it  migrates.  As  the  question  of  the  nature  of  this 
change  of  position  was  not  involved  directly  in  our  main  prob- 
lem we  have  left  it  for  possible  future  investigation.  It  pre- 
sents three  interesting  possibilities  :  An  intramolecular  migra- 
tion between  groups  of  atoms  more  widely  separated  than  in 
all  the  well-known  analogous  rearrangements  ;  an  inter- 
molecular  action  in  contrast  to  the  intramolecular  transforma- 
tion of  the  acylphenylhalogenamines  ;^  and  the  most  attrac- 
tive possibility  of  a  sequence  of  two  migrations  of  the  chlo- 
rine atom  as  the  radical  of  hypochlorous  acid,  first  from  the 

1  Bender  :  Ber.  d.  chem,  Ges.,  19,  2272  (1886)  ;  Stieglitz  and  Slosson  :  Ibid.,  a8, 
3266  (1896)  ;  Slosson  :  Loc.  cit.  ;  Chattaway  and  Orton  :  J.  Chem.  Soc.  (London),  77, 
134  {1900). 

*  Blanksma  :  Rec.  trav.  chim.  Pays-Bas.,  ai,  366  (1902). 
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one  nitrogen  atom  to  the  other  more  positive  one — as  acyl 
groups  actually  are.  known  to  migrate* — and  then  from  the 
second  nitrogen  atom  into  the  phenyl  ring  of  the  same  aniline 
group. 

EXPERIMENTAL  PART. 
TJie  Action  of  p-Chlorphenyl  Isocyanate  on  Benzchloramide. 

To  4.6  grams  (i  mol.)  of  benzchloramide^  were  added  3 
grams  (i  mol.)  of /-chlorphenyl  isocyanate/ and  a  solution  of 
0.9  gram  of  sodium  hydroxide  in  9  cc.  water.  The  reaction 
disengaged  considerable  heat,  and  it  was  necessary  to  moderate 
it  by  cold  water.  The  mixture  was  shaken  vigorously  at  in- 
tervals for  half  an  hour,  then  the  red  precipitate  was  brought 
on  a  filter  and  thoroughly  washed  with  water,  alcohol,  and 
finally,  ammonia.  The  substance  was  extracted  several  times 
with  boiling  alcohol  to  insure  the  removal  of  traces  of  impuri- 
ties. The  insoluble  residue  melted  at  227°,  and  was  identified 
as  sj'^mmetrical  benzoyl-/'-chlorphenylurea  by  the  determina- 
tion of  the  melting-point  of  a  mixture  of  the  substance  with 
some  of  the  urea  which  was  prepared  synthetically  and  melted 
at  235°  to  237°.  The  mixture  melted  at  233°  to  235°.  /5>-Chlor- 
phenyl  isocyanate  had  condensed,  therefore,  with  benzchlor- 
amide under  the  conditions  of  Hofmann's  reaction  to  form 
symmetrical  benzoyl-/>-chlorphenylurea  according  to  equa- 
tions (5)  and  (6). 

Symmetrical  Benzoyl-p-chlorphenylurea , 
CeHsCONHCONHCgH^CL— The  urea  was  prepared  synthetic- 
ally in  two  ways  :  By  the  action  of^-chlorphenyl  isocyanate  on 
benzamide  at  150°,  and  by  the  action  of  benzoyl  chloride  on 
/■chlorphenylurea.  The  latter  method  gave  the  purest  sub- 
stance. A  mixture  of  benzoyl  chloride  and  the  urea  was 
heated  for  an  hour  at  110°  to  130°.  The  product  was  ex- 
tracted several  times  with  hot  alcohol  and  the  very  difl&cultly 
soluble  residue  recrystallized  from  a  large  amount  of  boiling 

1  This  Journal,  33,  i  (1900). 

2  Gracbe  and  Rostovzeff  :  Ber.  d.  chem.  Ges.,  is^  275°  (1902). 

3  The  isocyanate  was  prepared  from  ;>-chlorphenylurethane  and  phosphorus 
pentachloride,  according  to  Lengfeld  and  Stieglitz:  This  Journal,  16,  70  (1894)  ; 
Folin  :  Ibtd.,  19,  336  (1897). 
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alcohol.  The  compound  melted  then  at  235°  to  237''  and  an 
analysis,  (I.),  proved  its  purity.  When  equivalent  quanti- 
ties of  /^-chlorphenyl  isocyanate  and  benzamide  were  heated 
to  150"^,  the  mixture  foamed  and  then  quickly  solidified.  The 
product,  washed  for  some  time  with  hot  alcohol,  was  ana- 
lyzed without  further  purification  (Analysis  II.).  It  formed 
a  mass  of  white  needles  and  melted  at  234°  to  236°. 
I.  0.3026  gram  substance  gave  0.1581  gram  AgCl. 
II.  0.2973  gram  substance  gave  0.1601  gram  AgCl. 

Calculated  for  Found.. 

ChHuOsNoCI.  I.  II. 

CI  12.92  12.92  13-31 

The  Action  of  Phenyl  Isocyanate  on  BenzcUor amide. 

This  reaction  was  studied  first  in  the  absence  of  water  and 
alkali.  Phenyl  isocyanate^  (1.2  grams)  was  dissolved  in  5  cc. 
dry  benzene  and  warmed  with  dry  benzchloramide  (2  grams). 
At  77°  all  the  chloramide  had  dissolved  and  the  liquid  became 
filled  with  a  crystalline  solid.  After  fifteen  minutes,  it  was 
brought  on  a  filter,  washed  with  cold  alcohol  and  some  am- 
monia, and  then  thoroughly  with  boiling  alcohol.  The  in- 
soluble residue  melted  at  225°,  and  when  added  to  synthetic 
symmetrical  benzoyl-/)-chlorphenylurea,  it  did  not  ap- 
preciably depress  the  latter's  melting-point.  It  consisted, 
therefore,  of  benzoyl-/>-chlorphenylurea,  and  it  was  formed, 
evidently,  as  the  result  of  a  condensation  of  phenyl  isocyanate 
with  benzchloramide  and  a  subsequent  migration  of  the  chlo- 
rine atom  into  the  benzene  nucleus  (see  equations  5  and  7). 

The  action  of  phenyl  isocyanate  on  benzchloramide  in  the 
presence  of  alkali  was  next  tried.  Benzchloramide  (1.6 
grams)  was  dissolved  at  0°  in  a  20  per  cent  solution  (7.5  cc.) 
of  sodium  hydroxide  and  this  solution  added  all  at  once  to  the 
phenyl  isocyanate  (i.i  grams),  the  mixture  being  vigorously 
shaken.  A  reaction  ensued  instantly,  the  odor  of  hypochlo- 
rous  acid  (from  the  hydrolysis  of  some  of  the  hypochlorite 
formed  in  the  reaction)  was  developed,  and  a  reddish  precipi- 

1  The  phenyl  isocyanate  was  prepared  from  phenylurethane  and  phosphorus 
pentachloride,  according  to  the  method  of  Lengfeld  and  Stieglitz  :  Loc.  cit.  See 
Dains  :  J.  Am.  Chem.  Sec,  21,  165  (1899). 
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tate  formed.  The  latter  was  washed  with  alcohol  and  ammo- 
nia, and  recrystallized  from  hot  alcohol.  It  then  melted  at 
205°,  and  when  it  was  mixed  with  some  synthetically  pre- 
pared symmetrical  benzoylphenylurea  (m.  p.  205°)  its  melt- 
ing-point remained  unchanged.  The  condensation  had,  con- 
sequently, taken  place  as  expected,  according  to  the  equations 
(5)  and  (6) .  It  may  be  added  that  the  reaction  does  not  take 
place  smoothly  unless  there  is  at  least  one  equivalent  of  alkali 
present  as  required  by  these  equations. 

Phenyl  isocyanate  also  condenses  readily  with  benzbrom- 
amide  under  these  same  conditions,  symmetrical  benzoyl- 
phenylurea being  again  formed  as  the  product  of  the  action. 

Phenyl  Isocyanate  and  Benzamide. 

Benzamide  is  much  less  reactive  towards  phenyl  isocyanate 
than  are  its  chlorine  and  bromine  derivatives,  and  it  does  not 
condense  at  all  with  the  isocyanate  under  the  conditions  of 
Hofmann's  reaction.  On  warming  a  solution  of  the  two  sub- 
stances as  high  as  100°,  we  found  that  no  reaction  had  ensued 
and  the  benzamide  was  recovered  unchanged.  When  benz- 
amide was  shaken  with  phenyl  isocj^anate  ( i  mol. )  and  an  equiv- 
alent amountof  sodium  hydroxide,  in  aqueous  solution,  at  ordi- 
nary temperatures  until  no  odor  of  phenyl  isocyanate  remained 
discernible,  the  main  reaction-product  was  aniline,  and  the 
benzamide  was  recovered  unchanged.  The  aniline,  obviously, 
was  produced  by  the  action  of  the  alkali  on  the  isocyanate. 

The  Action  of  Phenyl  Isocyanate  on  Acetchloramide . 

Symmetrical  Acetylphenylurea,  CHjCONHCONHCeHj.— To 
one  equivalent  of  sodium  hydroxide  (a  10  per  cent  solution) 
I  molecule  of  acetchloramide  was  added  and  the  solution 
poured  at  once  on  an  equivalent  weight  of  phenyl  isocyanate. 
The  solid,  which  quickly  separated,  was  collected  on  a  filter, 
washed  with  some  alcohol  and  ammonia,  and  recrystallized 
from  hot  water.  It  melted  at  183°  to  184°,  and  a  mixture  of 
it  and  some  pure  symmetrical  acetylphenylurea  (m.  p.  183°  to 
184°)  gave  the  same  melting-point.  The  action  had  proceeded, 
therefore,  as  expected,  according  to 
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CH3CONHCI  -t-  CeH^NCO  +  NaOH     -* 

CHjCONHCONHCgHj  +  NaOCl. 

Acetamide  is  not  acted  upon  by  phenyl  isocyanate,  when 
the  two  are  brought  together  in  the  presence  of  an  equivalent 
amount  of  a  five  percent  solution  of  sodium  hydroxide.  The 
acetamide  may  be  recovered,  together  with  carbanilide  and 
aniline,  decomposition-products  of  the  isocyanate. 

The  Adio7i  of  Methyl  Isocyanate  on  Acetchlor amide. 

Symmetrical  Acetylmethylurea,  CH3CONHCONHCH3.  — 
Acetchloramide  (1.8  grams)  was  dissolved  in  5.5  cc.  of  a  20 
per  cent  solution  of  caustic  potash  at  0°,  and  the  solution 
added  rapidly  to  i.i  grams  methyl  isocyanate.  A  violent  re- 
action occurred  instantly  and  completed  itself  in  less  than  a 
minute.  A  white  solid  filled  the  liquid.  A  little  ammonia 
was  added  to  the  mixture,  the  solid  collected  on  a  filter,  and 
washed  with  some  cold  water.  It  was  fully  identified  in  the 
usual  way  as  symmetrical  acetylmethylurea,  by  its  melting- 
point  (178°. 5),  and  by  the  fact  that  this  melting-point  was 
not  depressed  by  the  addition  of  some  synthetic  acetylmethyl- 
urea to  the  reaction-product. 

Methyl  isocyanate  does  not  combine  with  acetamide  under 
the  same  conditions  under  which  it  reacts  so  vigorously  with 
acetchloramide.  Not  a  trace  of  acetylmethylurea  could  be 
obtained,  the  isocyanate  being  decomposed  into  methylamine 
and  carbonic  acid. 

PART   II. 

Diacylchloramines. 

When  benzoylphenylchloramine  is  decomposed  by  heat,  a 
little  benzoyl  chloride  is  formed,^  possibly  according  to  the  fol- 
lowing reaction  '."^ 

CeH.CONClCeH,    ^     C.H.COCIH- CeH.N  :  .  (i) 

It  was  hoped  that  diacylchloramines  might  decompose  more 
readily  in  an  analogous  fashion,  viz.,  according  to 

1  Chattaway  and  Orton  :  J.  Chem.  Soc.  (London),  79,  462  (1901)  ;  Slosson  :  This 
Journal,  ap,  305  (1903). 

'  The  nature  of  the  nitrogenous  decomposition-product  has  never  been  deter- 
mined.    See  Stieglitz  :  This  Journal,  39,  49  (1903). 
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(CeH,CO),NCl    ^     CeH.COCl  +  C,H,CON  :  .        (2) 

An  acyliraide,  with  a  univalent  nitrogen  atom,  might  thus 
result,  which  would  be  identical  with  the  hypothetical  sub- 
stance that  is  supposed  by  the  one  of  us  to  be  an  important 
intermediate  product  in  the  "  Beckmann  rearrangement"  of 
acjdchloramides,  acylazides,  oximes,  etc.^  A  study  of  di. 
benzoylchloramine  was,  therefore,  undertaken  in  order  to  ascer- 
tain whether  it  would  suffer  a  "  Beckmann  rearrangement" 
under  the  influence  of  heat.  The  experiments  showed  that 
the  decomposition  takes  a  different  course,  benzonitrile,  chlo- 
rine, and  benzoyl  chloride  being  the  main  products.  This 
would  indicate  that  a  breaking  down  into  benzonitrile  and 
benzoyl  h3'^pochlorite''  is  the  primary  change : 

(C,H5C0),NC1    --     QH^CN  +  QH.COCl. 

This  decomposition  is  entirely  analogous  to  that  which  the 
parent  substance,  dibenzamide,  undergoes  when  it  is  heated  :* 

(C,H,CO),NH     -     CeH,CN  +  C,H,COOH. 

In  order  to  determine  whether  a  small  part  of  the  diben- 
zoylchloramine  had  suffered  a  "Beckmann  rearrangement," 
the  decomposition-products  were  completely  saponified  and 
tested  for  aniline,  but  only  doubtful  traces  of  the  latter  could 
be  detected.  This  showed  that  none  of  the  substance  had  un- 
dergone the  rearrangement.  When  dibenzoylchloramine  was 
heated  with  freshly  ignited  calcium  oxide,  the  result  was  the 
same. 

Dibenzoylchlorimide ,  (CgH5C0)jNCl. — Thediacylohlorimides 
were  found  so  sensitive  to  water,  which  hydrolyzes  them  to 
hypochloroiis  acid  and  diacylimides,  that  it  was  found  neces- 
sary to  exclude  water  entirely  in  order  to  prepare  dibenzoyl- 
chlorimide  in  a  pure  condition.  Two  grams  of  the  silver  salt 
of  dibenzoylimide,  dried  at  100°,  were  suspended  in  15  cc. 
anhydrous  chloroform  and  0.44  gram  carefully  dried  chlorine 
passed  into  the  mixture.     After  filtration  the  chloroform  was 

'  stieglitz  :  This  Journal,  loc.  cit.,  and  18,  751  (1S96). 

2  See  Schiitzenberger's  chlorine  acetate  :  Ann.  Chem.  (Liebig),  120,  113  (1S61). 

3  Krafft :  Ber.  d.  chem.  Ges-,  23,  2391  (1890). 
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evaporated  in  vacuo  in  a  desiccator  and  the  residue  recrystal- 
lized  from  ligroin  (b.  p.  70°  to  80°). 

I.  0.1379  gram  substance  gave  0.0184  gram  active  CI. 
II.  0.1547  gram  substance  gave  0.0206  gram  active  CI. 

Calculated  for  Found. 

CuHioOoNCl.  I.  II. 

CI  13-65  13-37  13-32 

Dibenzoylchloriraide  crystallizes  in  white  needles,    which 
melt  at  86°. 

Three  grams  of  the  chlorimide  were  heated  in  a  distilling- 
flask  connected  with  a  condenser,  in  a  metal-bath.  Decompo- 
sition set  in  at  240°  to  260°,  and  proceeded  smoothly,  the  sub- 
stance turning  dark  red.  The  temperature  was  kept  at  250° 
to  260°  for  five  minutes.  Ammonia  was  added  to  the  cooled 
contents  of  the  flask.  Benzonitrile,  benzoic  acid,  and  benz- 
amide  were  the  only  products  that  could  be  identified,  besides 
some  chlorine  which  escaped  during  the  decomposition  of  the 
substance.  In  a  second  experiment,  the  reaction-product  was 
saponified  by  being  boiled  with  sulphuric  acid  (sp.  gr.  1.44), 
and  the  mixture  tested  for  aniline  as  follows  :  It  was  made 
alkaline,  distilled  with  steam,  and  the  distillate  tested  directly 
for  traces  of  aniline,  as  well  as  extracted  with  ether,  the  test 
for  aniline  being  made  after  the  evaporation  of  the  extract  in 
the  cold.  No  trace  of  aniline  could  be  found.  Preliminary 
tests  showed  that  a  few  milligrams  of  carbanilide  or  phenyl- 
urea,  subjected  to  this  treatment,  easily  give  the  aniline  reac- 
tions. 

An  intimate  mixture  of  1.5  grams  dibenzoylchloramine 
and  0.2  gram  freshly  ignited  calcium  oxide  was  heated  to 
170°  to  180°.  Benzonitrile  and  its  polymer,  cyanphenine, 
were  the  only  nitrogenous  products  obtained  in  quantity. 
Tests  for  aniline  were  made  as  in  the  previous  experiment. 
Once  a  trace  of  it  was  shown  by  the  chloride  of  lime  test,  but 
in  a  duplicate  experiment  not  even  this  trace  was  found. 

It  is  evident,  therefore,  that  dibenzoj-lchlorimide  does  not 
show  any  tendency  to  suffer  a  "  Beckmann  rearrangement." 

Chicago,  April.  1903. 


ON  THE  OCCURRENCE  OF  INVERTASE  IN 
PLANTS. 

By  J.  H.  Kastle  and  Mary  E.  Clark. 

Quite  recently  the  attempt  has  been  made  in  this  laboratory 
to  obtain  inulase  free  from  other  ferments.  During  our  search 
for  a  convenient  source  of  this  enzyme  we  have  been  impressed 
with  the  wide  distribution  of  invertase  in  the  vegetable  king- 
dom. 

An  examination  of  the  literature  of  the  subject  revealed 
that  Kosmann^  had  found  invertase  in  the  buds  and  leaves  of 
young  trees.  In  1886  van  Tiegham^  found  this  ferment  in 
pollen  grains,  and  later  Reynolds  Green*  confirmed  these  ob- 
servations and  made  the  further  observation  that  the  ferment 
rapidly  increases  during  germination,  particularly  if  the  pollen 
be  germinated  on  solutions  of  cane-sugar.  Bechamp*  found  it 
in  the  petals  of  flowers,  and  also  in  the  juice  of  the  mulberry, 
but  failed  to  find  it  in  the  foliage  leaves  of  the  plants  which 
he  examined."  Gonnermann^  found  it  in  the  leaves  of  the 
sugar-beet ;  Atkinson  and  Kellner^  in  rice  ;  Mieran'  in  the 
ripe  fruit  of  the  banana  ;  and  Martinand*  in  crushed  grapes, 
that  had  been  sterilized  previous  to  crushing.  Brown  and 
Morris''  in  their  interesting  contribution  to  the  chemistry  and 
physiology  of  foliage  leaves  also  record  the  fact  that  the  air- 
dried  leaves  of  a  species  of  Tropcsolum  can  invert  cane-sugar. 
They  did  not  seem  to  regard  their  experiment,  however,  as 
absolute  proof  that  the  leaf  tissue  contained  invertase,  since 
the  inversion  of  the  sugar  according  to  them  might  have  been 
accomplished  by  a  small  amount  of  fungi  growing  on  and  in 
the  leaf.  At  the  same  time  they  point  out  the  desirability  of 
further  work  in  this  direction.  The  latest  observations  bear- 
ing upon  this  point  that  have  come  under  our  notice  are  those 

1  Bull.  Soc.  Chim.,  37,  251  (1877). 

2  Bull.  Soc.  Bot.  de  France,  33,  216  (18S6). 

3  Phil.  Trans.,  185,  B.  385  (1894). 
*  Compt.  rend.,  59,  496  (1S64). 

6  Bied.  Centr.,  28,  550  (1899). 

6  Ztschr.  physiol.  Chera.,  14,  297  (1890). 

'  Chetn.  Ztg.,  14,  1283. 

8  J.  Chem.  Soc.  (London),  Abs.,  80,  II.,  35  (1901). 

8  J.  Chem.  Soc.  (London),  Trans.,  1893,  p.  636. 
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of  O' Sullivan.'  This  observer  found  invertase  in  the  roots, 
stems,  and  leaves  of  the  maize,  oats,  and  wheat,  and  proved 
that  in  the  case  of  these  plants  at  least  the  occurrence  of  the 
ferment  could  in  no  way  be  attributed  to  the  presence  of 
micro-organisms. 

While,  therefore,  a  good  deal  had  already  been  done  in 
studying  the  occurrence  and  distribution  of  this  enzyme  in 
plants,  it  seemed  that  much  yet  remained  to  be  accomplished, 
particularly  in  the  way  of  studying  the  distribution  of  the  fer- 
ment in  the  several  organs  and  tissues  of  the  plant.  Indeed, 
the  results  thus  far  obtained  in  the  present  investigation  are 
sufl&cient  to  indicate  the  far-reaching  importance  of  invertase 
in  plant  metabolism. 

Mode  of  Procedure  and  Results. 

In  searching  for  the  ferment  in  various  tissues,  the  follow- 
ing mode  of  procedure  has  been  followed  as  far  as  practicable. 
The  portion  of  the  plant  under  investigation  was  cut  up  into 
fine  pieces  and  thoroughly  dried  in  the  air  at  40°  C.  It  was 
then  reduced  to  a  fine  powder  in  a  porcelain  mortar,  some- 
times alone  and  sometimes  with  the  addition  of  a  weighed 
amount  of  white  sand.  One-tenth  gram  portions  of  the  finely 
powdered  tissue  were  then  weighed  out  and  put  into  small 
glass  bottles,  of  70  cc.  capacity.  To  one  bottle  there  was 
then  added  50  cc.  of  water  and  0.5  cc.  of  toluene,  the  latter 
being  employed  as  antiseptic.  This  served  as  an  active  con- 
trol experiment  and  enabled  us  to  get  an  idea  of  the  amount 
of  reducing  sugars  originally  present  in  the  tissue  under  in- 
vestigation, or  that  formed  from  its  own  reserve  materials 
during  the  progress  of  the  experiment.  To  a  second  bottle 
containing  o.i  gram  of  the  tissue  there  were  added  50  cc.  of 
water,  0.5  gram  cane-sugar,  and  0.5  cc.  of  toluene,  and  to  a 
third,  50  cc.  of  a  i  percent  starch  paste  and 0.5  cc.  of  toluene. 
With  certain  of  the  tissues  investigated  control  experiments 
were  also  tried,  in  which  o.i  gram  of  the  tissue  was  boiled 
with  water  and  then  made  up  to  50  cc.  with  the  required 
amount  of  cane-sugar  or  starch.     In  no  case,   however,  did 

1  J.  Chein.  Soc.  f London),  Trans.,  i960,  pp.  691-696. 
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these  control  experiments  show  any  increase  in  the  amount  of 
reducing  sugars  over  the  quantity  present  in  the  active  con- 
trols, and  hence  nothing  further  need  be  said  concerning 
them.  In  order  to  determine  whether  the  ferment  was  pres- 
ent in  the  fresh  tissue,  or  formed  therein  as  the  result  of  dry- 
ing, certain  experiments  were  tried  with  the  freshly  macera- 
ted tissue.  In  these  experiments  somewhat  larger  quantities 
of  the  tissue  were  employed  in  order  to  compensate  for  the 
large  amounts  of  water  which  the  fresh  tissue  contained .  The 
actual  amounts  employed  in  such  experiments  are  indicated 
in  the  following  table.  It  also  occasionally  happened  that 
smaller  quantities  than  o.i  gram  of  the  tissue  were  employed. 
This  is  also  indicated  in  the  table. 

After  standing  in  the  incubator  at  38°  to  40°  C,  for  the  de- 
sired interval,  usually  twenty-four  hours,  the  bottles  were  re- 
moved and  10  cc.  of  the  contents  of  each  boiled  with  2  cc.  of 
standard  Fehling  solution.  A  comparison  of  the  several  ex- 
periments of  the  given  series  with  the  active  control  experi- 
ment of  that  series,  as  to  the  amount  of  reduction,  indicated, 
at  least  approximately,  the  inversive  and  diastatic  activity  of 
the  particular  plant  tissue  under  investigation.  Up  to  this 
time  no  attempt  has  been  made  to  determine  accurately  the 
amount  of  cane-sugar  which  could  be  inverted  by  a  given 
amount  of  plant  tissue.  The  object  has  been  simply  to 
demonstrate  the  presence  or  absence  of  the  ferment. 

Up  to  the  present,  nineteen  different  species  of  plants,  repre- 
senting fourteen  different  families,  have  been  examined  for 
the  ferment.  The  results  are  given  in  the  annexed  table, 
together  with  such  experimental  data  as  are  required  for  an 
understanding  of  the  results. 

An  examination  of  the  results  given  in  the  above  table 
shows  that  invertase  is  a  ferment  of  wide,  if  not  universal,  oc- 
currence in  the  vegetable  world.  It  has  been  found  abun- 
dantly in  every  plant  thus  far  examined,  and  these  have  been 
selected  in  such  a  way  that  out  of  the  nineteen  different 
species  examined,  fourteen  different  families  of  plants  are 
represented.  It  will  be  seen  further  that  in  the  several  organs 
of  plants  invertase  is  more  constant  in  its  occurrence  than 
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diastase.  Contrary  to  the  views  and  results  of  B^champ,  in- 
vertase occurs  abundantly  in  the  leaves  of  plants,  and  his 
failure  to  find  it  in  the  leaves  of  the  locust,  Robmia  Pseud- 
acacia,  is  probably  to  be  ascribed  to  the  fact  that  he  attempted 
to  prepare  clear  aqueous  extracts  of  the  ferment,  whereas,  ex- 
cept under  great  pressures,  this  is  impossible  in  many  cases. 
The  same  diflSculty  was  experienced  by  Wortmann^  in  at- 
tempting to  extract  diastase  from  foliage  leaves,  and  yet  it 
has  been  conclusively  proven  by  Brown  and  Morris^  that  the 
leaves  of  most,  if  not  all,  of  the  starch-forming  plants  contain 
this  enzyme. 

In  the  second  place,  it  will  be  observed  that  invertase  oc- 
curs in  the  plant  in  some  rather  unexpected  associations.  It 
has  been  found,  for  example,  in  the  growing  tubers  of  the 
potato  and  the  artichoke,  and  also  in  the  sprouts  of  the 
potato.  Now,  as  inulin  is  the  chief  reserve  material  of  the 
artichoke  and  starch  that  of  the  potato,  one;  would  naturally 
be  inclined  to  expect  the  occurrence  of  relatively  large 
amounts  of  inulase  and  diastase,  respectively,  in  these  young 
tubers,  and  also  that  of  diastase  in  the  sprout  of  the  potato, 
and  while  these  ferments  are  present  in  these  organs  of  these 
plants,  they  are  not  present  in  such  quantities  as  invertase, 
or  at  any  rate  cane-sugar  is  much  more  easily  hydrolyzed  by 
these  tissues,  under  antiseptic  conditions,  than  inulin  or 
starch. 

Thirdly,  it  will  be  observed  that  invertase  is  not  confined 
to  those  plants  which  store  up  cane-sugar  as  the  characteristic 
reserve  material.  On  the  contrary,  while  it  has  been  found  in 
such  of  these  as  have  thus  far  been  examined,  viz. ,  the  sorghum 
plant  and  sugar-beet,  it  has  also  been  found  abundantly  in  those 
plants  which  store  up  starch  and  inulin  as  reserve  materials, 
and  what  is  of  still  greater  interest,  it  has  been  found  in  those 
very  organs  of  the  plant  that  are  actively  engaged  in  storing 
up  starch  and  inulin,  for  example,  in  the  growing  tubers  of 
the  potato  and  artichoke  and  in  the  unripe  grain  of  the  maize. 
It  is  our  intention  to  investigate  more  fully  the  occurrence  of  in- 
vertase in  the  reserve  organs  of  these  plants  in  the  hope  of  learn- 

»  Bot.  Ztg.,  1890,  p.  583. 

s  J.  Chem.  Soc.  (London),  Trans.,  1903,  pp.  604-677. 
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ing  something  further  as  to  the  part  played  by  this  ferment  in 
the  storing  up  of  starch  and  inulin. 

The  fact  that  invertase  and  cane-sugar  are  both  of  such 
general  occurrence  in  plants  is  suflScient  in  itself  to  indicate 
the  extreme  inportance  both  of  this  carbohydrate  and  this  fer- 
ment in  plant  metabolism.  Curiously,  two  exactly  opposing 
views  have  been  held  regarding  the  origin  and  fate  of  cane- 
sugar  in  the  plant.  As  the  result  of  his  studies  on  the  occur- 
rence and  products  of  alteration  of  cane-sugar  in  plants,  Kay- 
ser^  reached  the  conclusion  that  this  carbohydrate  results  from 
starch  by  the  direct  action  of  a  diastatic  ferment,  and  that  it 
is  then  transformed  into  invert  sugar  by  the  action  of  a  fer- 
ment similar  to  iuvertin,  before  it  is  consumed  in  the  respira- 
tory processes  in  the  plant.  On  the  other  hand  Brown  and 
Morris,*  ten  years  later,  arrived  at  the  conclusion  that  the 
starch  formed  by  the  chloroplasts  is  not,  strictly  speaking, 
autochthonous,  but  that  it  owes  its  origin  to  cane-sugar.  Ac- 
cording to  these  observers,  cane-sugar  is  antecedent  to  starch 
and  is  probably  the  first  product  of  photo-synthesis.  Accord- 
ing to  them  it  serves  as  a  temporary  reserve  material  and  is 
probably  to  be  regarded  as  the  starting-point  in  all  of  the 
metabolic  changes  taking  place  in  the  leaf. 

The  fact  that  invertase  occurs  so  generally  in  foliage  leaves 
and  that  it  is  so  widely  disseminated  throughout  the  several 
organs  of  the  plant,  lends  additional  support  to  the  views  ad- 
vanced by  Brown  and  Morris,  and  the  fact  that  it  is  also 
largely  present  in  the  reserve  organs  of  the  plants  storing  inulin 
as  well  as  those  storing  starch,  would  seem  to  point  to  cane- 
sugar  as  the  substance  immediately  antecedent  not  only  to 
starch  but  to  other  reserve  materials  as  well.  It  is  known 
that,  generally,  any  particular  stereo-configuration  on  the  part 
of  a  compound  is  preserved  in  its  derivatives.  Such  being  the 
case,  and  since,  further,  the  molecule  of  cane-sugar  is  made 
up  of  a  dextro-  and  a  laevo-portion,  it  is  readily  conceivable 
that  such  optically  active  reserve  substances  as  starch  and 
inulin  are  produced  from  it,  first  by  its  conversion  into  invert 

1  Versuchsstationen,  39,  460-473  (1S83). 

2  J.  Chem.  Soc.  (London),  Trans.,  1893,  p.  673. 


Invertase  in  Plants.  427 

sugar  through  the  action  of  invertase  and  the  subsequent 
polymerization  of  dextrose  and  levulose.  The  further  fact 
that  the  simpler  sugars  resulting  from  the  hydrolysis  of  cane- 
sugar  belong  to  the  aldose  and  ketose  types,  respectively, 
would  seem  to  lend  additional  probability  to  the  view  that  all 
of  the  more  complex  carbohydrates  are  derived  originally  from 
cane-sugar.  The  production  of  cane-sugar  by  the  plant  as 
the  first  temporary  reserve  material  becomes  readily  intelligi- 
ble on  the  supposition  that  af-glucose,  /-glucose,  af-levulose, 
and  /-levulose  are  the  first  products  of  photo-synthesis,  and 
that  two  of  these,  z/z^., /-glucose  and  /-levulose  are  at  once 
consumed  to  supply  the  immediate  needs  of  the  plant.  <f-Glu- 
cose  and  ^-levulose  might  then  go  on  accumulating  in  the  cell 
until  a  certain  concentration  was  reached  when,  under  the  in- 
fluence of  invertase,  they  would  combine  to  form  cane-sugar. 
This  latter  compound,  then,  would  sustain  to  the  plant  the 
relation  of  a  temporary  reserve  material  to  meet  its  more  re- 
mote requirements  or  to  be  transformed  into  still  more  complex , 
less  readily  hydrolyzable  reserve  materials,  such  as  starch  and 
inulin,  as  the  case  might  be.  We  are  aware  that  the  idea 
that  the  racemic  forms  of  optically  active  compounds  are  al- 
ways the  first  products  of  plant  synthesis,  is  not  shared  by  all 
chemists.  It  is  worthy  of  note,  however,  that  racemic  com- 
pounds, as  well  as  their  active  components,  do  occur  in  plants, 
and  that  certain  of  the  fungi  and  micro-organisms  display  a 
selective  action  in  the  appropriation  of  optically  active  com- 
pounds as  foods,  thereby  enabling  us  oftentimes  to  obtain  opti- 
cally active  compounds  from  the  racemic  form. 

With  the  view  of  throwing  further  light  on  these  interest- 
ing questions  we  hope,  if  the  necessary  materials  can  be  se- 
cured, to  make  a  thorough  study  of  the  conduct  of  the  race- 
mic forms  of  glucose  and  levulose  towards  the  hydrolyzing 
enzymes  and  certain  fungi  and  higher  parasitic  plants. 

State  College  of  Kentucky, 
Lexington,  August,  1903. 


ON  A  NEW  METHOD  FOR  THE  PREPARATION  OF 
PURE  IODINE. 

By  i^auncelot  W.  Andrews. 

The  impurities  to  be  looked  for  in  iodine  are  moisture, 
hydriodic  acid,  bromine,  chlorine,  and  cyanogen  iodide.  A 
number  of  processes  have  been  suggested  for  obtaining  a 
product  free  from  these  contaminations,  among  which  may  be 
mentioned  the  methods  of  Stas,^  Wittstein,^  Mohr,'  Meineke,* 
and  of  Lean  and  Whatmough,*  All  these  methods  are  either 
very  elaborate,  demanding  no  inconsiderable  sacrifice  of  time, 
or,  like  the  simple  resublimation  of  iodine  with  potassium 
iodide,  are  inefficient.  The  reaction  between  fused  potassium 
pyrochromate  and  potassium  iodide,  which  occurs  in  accord- 
ance with  the  equation 

sKAsO,  -h  6KI  =  8K,CrO,  +  CrA  +  61, 

seemed  to  offer  a  possible  and  simple  method  for  obtaining 
pure  iodine  directly  from  the  impure  iodide.  A  preliminary 
experiment  showed  that  by  fusing  a  mixture  of  29.5  grams  of 
potassium  pyrochromate  with  20  grams  of  potassium  iodide, 
practically  the  whole  of  the  iodine  was  obtained  in  the  free 
state.  No  iodine  was  set  free  on  fusing  a  mixture  of  normal 
potassium  chromate  and  iodide.  A  mixture  of  potassium 
bromide  (6  mols.)  with  pyrochromate  (5  mols.)  furnished,  on 
fusion,  a  trace  of  free  bromine,  but  when  to  the  same  mixture 
a  little  normal  potassium  chromate  had  been  added,  no  bro- 
mine was  set  free.  It  should  be  said  that  all  mixtures  were 
made  by  rubbing  the  constituents  thoroughly  together  in  a 
mortar. 

These  experiments  made  it  appear  almost  certain  that  if 
potassium  iodide  and  pyrochromate  were  mixed  together,  with 
the  former  in  moderate  excess  of  the  amount  required  by  the 
equation,  a  product  free  from  bromine  and  chlorine  would  be 
assured.     Accordingly,  28  grams  of  potassium  pyrochromate 

I  NouveUes  Recherches  sur  les  Lois  des  Proportions  Chimiques,  p.  136. 

a  Dingler's  Poly.  Jour.,  200,  310  (1871). 

3  Titrir-Methode,  1874,  p.  269. 

*  Chem.  Ztg.,  16,  1219  (1892). 

6  J.  Chem.  Soc.  (London),  73,  148  (1898). 
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were  powdered  with  20  grams  of  potassium  iodide  and  i  gram 
of  potassium  bromide  and  the  mixture  was  fused  in  a  wide, 
glass  tube.  Three  and  eight-tenths  grams  of  the  sublimate 
were  tested  in  the  following  manner  for  bromine  :  The  iodine 
was  thrown  into  100  cc.  of  hot  concentrated  ammonia  and  a. 
slight  excess^  of  silver  carbonate  was  added  and  the  solution- 
filtered.  From  the  filtrate  the  silver  was  precipitated  by  hy- 
drogen sulphide  and  the  liquid  boiled  down  to  a  very  small 
bulk  with  a  little  pure  barium  carbonate.  The  residue  gave- 
no  reaction  for  bromine,  either  by  the  fluorescein  test  or  oa 
spectroscopic  examination  according  to  Lecoq  de  Boisbau- 
dran.^ 

To  summarize,  the  following  are  the  necessary  steps  in  the 
preparation  of  pure  iodine  by  the  method  given  ;  Pulverize 
potassium  iodide  with  one  and  four-tenths  times  its  weight  of 
potassium  pyrochromate,  each  salt  having  been,  previously, 
separately  fused  to  insure  perfect  dryness.  Introduce  the 
thoroughly  incorporated  mixture  into  a  wide  tube,  closed  at 
one  end,  and  heat  to  about  200°  in  a  current  of  dry  air  to  ex- 
pel any  moisture  which  may  have  been  taken  up  during  the 
pulverization.  Place  a  plug  of  dry  glass  wool  over  the  mix- 
ture and  wipe  out  carefully  the  interior  of  the  tube  above  the 
plug  with  absorbent  cotton  secured  to  a  glass  rod.  Slip  over 
the  open  end  of  the  tube  a  second,  short  one,  fitting  it  as 
snugly  as  possible.  Fix  the  tube  at  an  angle  with  the  hori- 
zontal and  heat  the  powder  gradually  with  a  small  flame, 
using,  if  necessary,  a  screen  of  asbestos  board.  Having  sub- 
limed the  iodine  into  the  upper  part  of  the  tube,  cut  off  the 
latter,  when  cold,  at  a  point  2  or  3  cm.  above  the  glass-wool 
plug,  or,  if  smaller  amounts  are  being  operated  on,  the  tube 
can  be  melted  off  at  the  place  indicated. 

Chemical  Laboratory, 

State  Univ.  of  Iowa, 

July  6,  1903. 


Since  sending  the  foregoing  communication  to  the  editor  of 
the  American   Chemical  Journal,   it  has  come  to  my 

1  Ascertained  by  acidifying  a  filtered  sample  with  hydrochloric  acid. 

2  Compt.  rend.,  91,  902  (1881).    This  method  rests  on  the  observation  of  barium 
bromide  lines  at  wave  lengths,  535.8  and  520.6 
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knowledge  through  the  last  number  of  the  Central-blatt  (i, 
1435  (1903))  that  I,.  L.  de  Koninck  has  published  in  the 
Bulletin  de  V Academie  royale  Belgique^  17,  15,  a  nearly  iden- 
tical method  for  the  preparation  of  pure  iodine.  The  priority, 
accordingly,  belongs  to  him,  but  in  view  of  the  importance  of 
the  subject,  it  still  appears  worth  while  to  publish  the  entirely 
independent  confirmation  of  his  results  which  my  experiments 
afford  ;  the  more  so  since,  so  far  as  it  is  possible  to  judge  from 
the  abstract,  his  work  does  not  directly  demonstrate  that  the 
process  can  be  so  conducted  as  to  insure  the  preparation  of  a 
product  free  from  bromine. 

Chemical  Laboratory, 

State  Univ.  of  Iowa, 

July  25,  1903. 
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CXIII.— ON   lODOCYANIDES    OF   POTASSIUM  AND 
CAESIUM. 

By  C.  H.  Mathewson  and  H.  L.  Wells. 

By  dissolving  iodine  in  concentrated  solutions  of  potassium 
cyanide,  I^anglois^  prepared  a  compound  to  which  he  gave  a 
formula  corresponding  to  KI.4CNI.4H2O.  Since  this  salt 
does  not  correspond  to  the  alkali-metal  trihalides  or  penta- 
halides,  examples  of  which  are  KCl.ICl  and  KCI.ICI3,  we 
have  undertaken  a  new  examination  of  Langlois'  compound, 
and,  having  found  that  his  formula  was  correct,  except  in  re- 
gard to  the  amount  of  water  in  it,  we  have  attempted  to  pre- 
pare caesium  iodocyanides,  which,  in  view  of  the  great  sta- 
bility of  the  caesium  perhalides,  promised  to  be  more  stable 
than  the  rather  unsatisfactory  potassium  compound.  As  the 
result  of  the  latter  investigation,  we  have  obtained  the  single 
compound  CsI.2lCN,  which  does  not  correspond  to  the  potas- 
sium salt,  but  which  may,  perhaps,  be  regarded  as  showing 
analogy  to  the  pentahalides,  although  no  crystallographic  re- 
semblance to  any  of  the  latter  could  be  made  out  by  Professor 
Penfield,  who  kindly  examined  the  crystals. 

Potassium  lodocyanide,  KI.4CNI.Hj,0. — This  compound  was 
prepared  by  dissolving  varying  proportions  of  iodine  in  con- 

1  Ann.  chim.  phys.  [3],  60,  220  (i860). 


lodocyanides  of  Potassium  and  Caesium.  431 

centrated  potassium  cyanide  solutions  and  also  by  adding 
large  amounts  of  potassium  iodide,  together  with  iodine,  to 
such  solutions.  No  evidence  of  the  existence  of  any  other 
combination  of  potassium  iodide  and  cyanogen  iodide  was 
found.  The  compound  forms  small,  colorless  needles,  as  de- 
scribed by  Langlois.  The  substance  is  very  unstable,  giving 
off  cyanogen  iodide  when  exposed  to  the  air,  so  that  it  was 
necessary  to  press  it  rapidly  on  paper  for  analysis.  The  fol- 
lowing analyses  were  made  of  different  products  : 


Calculated  for 
KI.4CNI.H2O. 

I. 

Found. 
II. 

iir. 

K 

I 

CN 

H,0(diff.) 

4.91 
79.76 
13.06 

2.26 

5.64 
79.62 
12.48 

2.26 

5.65 

79-44 

12.24 

2.67 

5-54 
79.20 
12.59 

2.67 

It  appears  certain  that  Langlois  obtained  too  much  water 
in  the  compound,  probably  from  insufl&cient  drying.  In  fact, 
it  seems  quite  possible  that  the  substance  is  anhydrous,  since 
our  products  could  not  be  air-dried,  and  since  the  amount  of 
water  corresponding  to  i  molecule  is  small. 

Potassium  was  determined  by  carefully  heating  the  com- 
pound and  weighing  the  potassium  iodide.  Cyanogen  was 
determined  volumetrically  with  silver  nitrate,  after  decolor- 
izing the  aqueous  solution  of  the  substance  with  sulphurous 
acid,  and  then  making  the  liquid  ammoniacal.  After  a  per- 
manent precipitate  of  silver  iodide  had  appeared,  indicating 
the  end  of  the  titration  for  cyanogen,^  an  excess  of  silver  ni- 
trate was  added,  the  resulting  precipitate  was  collected  on  a 
filter,  extracted  with  ammonia,  and  the  residual  silver  iodide 
was  weighed  in  order  to  determine  iodine. 

Caesium  lodocyanide,  CsI.ilCN. — This  compound  forms 
cinnamon-colored,  orthorhombic  plates,  which  are  rather  spar- 
ingly soluble  in  water.  It  is  much  more  stable  than  the 
potassium  compound,  but  still  it  gives  off  an  odor  of  cyanogen 
iodide.  It  was  prepared  by  dissolving  iodine  in  caesium 
cyanide  solution,  but  more  conveniently,  on  account  of  the 
difficulty  of  preparing  caesium  cyanide,  by  dissolving  caesium 
iodide   and   cyanogen   iodide   in  warm   water   and   cooling. 

1  DenigSs  :  Ann.  chitn.  phys.  [7],  6,  381. 
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Caesium  triiodide  was  almost  invariably  deposited  after  the 
iodocyanide  had  formed,  but  there  was  no  difficulty  in  getting 
out  the  crystals  of  the  latter  in  a  satisfactory  condition. 
Seven  crops  were  prepared  under  the  following  conditions  : 

I.  II.       III.     IV.       V.       VI.      VII. 

Csl,   grams  lo     lo     lo     5     2.5     i       i 

CNI,     "  I       2       5     5     5        5     10 

In  each  case  the  solution  in  water  was  about  25  cc.  in  vol- 
ume.    These  gave  the  following  analyses  : 

Calculated  for  Found. 

CSI.2CNI.  I.  II.  III.  IV.  V.  VI.  VII. 

Cs         23.50  23.57    28.59    23.41 

CN  9.18  9.03     9.12     9.20    9.31     9.30    9.18     9.24 

I        67.31       67.65  ....  67.88  ....  68.15   ••••  67.53 

It  is  evident  from  these  results  that  only  a  single  compound 
is  formed  under  widely  varying  conditions. 

The  methods  used  for  the  analysis  of  this  salt  were  similar 
to  those  used  for  the  potassium  compound. 

New  Haven,  Conn.,  June,  1903. 
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CXIV.— ON  A  COMPOUND  OF  MERCURIC  CYANIDE 
AND  CAESIUM  IODIDE. 

By  C.  H.  Mathewson  and  h.  L.  Wells. 

It  has  been  found  by  one  of  us^  that  mercuric  iodide  and 
caesium  iodide  form  a  series  of  five  double  salts,  and  that  the 
two  chlorides  form  the  same  number  of  compounds,  while 
mercuric  iodide  and  caesium  chloride  give  only  a  single  double 
salt,  CSjHgClJj.  The  present  investigation  has  been  under- 
taken in  order  to  find  out  how  mercuric  cyanide  and  caesium 
iodide  would  behave  in  the  formation  of  double  salts,  and  the 
results  show  that  these  salts  combine  in  only  one  proportion, 
forming  the  compound  CsI.HgCCN)^. 

It  is  to  be  noticed  that  this  double  salt  belongs  to  a  differ- 
ent type  from  that  of  the  chloriodide,  but  the  point  appears  to 
be  established  that  the  presence  of  two  different  acid  radicals 
prevents  the  formation  of  a  variety  of  compounds.     It  is  well 

I  Am.  J.  Sci.,  44>  »2i  (1892). 
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known  that  mercuric  cj'anide  combines  with  many  other 
salts,  and  hence  it  shows  a  remarkable  tendency  toward 
double-salt  formation,  but  in  spite  of  this  tendency,  and  in 
spite  of  the  facilitj-  with  which  caesium  salts  form  double 
compounds,  only  a  single  double  salt  is  formed  in  this  case. 

The  salt  under  consideration  was  prepared  by  cooling  solu- 
tions containing  caesium  iodide  and  mercuric  cyanide  in  pro- 
portions by  weight  varying  from  i  :  15  to  lo  :  i.  When  more 
than  15  parts  of  mercuric  cyanide  to  i  of  caesium  cyanide 
were  used,  either  indefinite  mixtures  or  crops  of  nearly  pure 
mercuric  cyanide  were  obtained.  The  double  salt  forms  thin, 
white,  pearly  plates,  which  can  scarcely  be  distinguished  in 
appearance  from  pure  mercuric  cyanide.  The  salt  is  readily 
recrystallized  from  water,  and  thereby  remains  unchanged  in 
composition.  Acids  decompose  the  salt  with  evolution  of 
hydrocyanic  acid  and  formation  of  mercuric  iodide. 

The  following  analyses  were  made  of  different  crops  : 


Calculated  for 
CsI.Hg(CN)2. 

Cs           25.97 
Hg         39.06 
I              24.80 
CN          10.15 

New  Haven,  Conn. 

I.                II. 
25.40      25.81 
39.67      39.17 
24.48       24.69 

,  July,  1903. 

Fou 
III. 

25-58 
39-13 
24.70 

ind. 
IV. 

25-87 

39-09 

24.63 

9.80 

V. 

25.66 

VI. 

25.40 

REVIEWS. 

Briefwechsel  zwischen  J.  Berzelius  und  F.  \Vohi.er,  im  Auf- 

TRAGE  DER  KONIGL.  GESELLSCHAFT  DER  WlSSENSCHAFTEN  ZU  GOT- 
TINGEN.  Mit  einen  Commentar  von  J.  von  Bratjn.  Herausgegeben 
von  O.  Wallach.  Erster  Band  mit  Berzelius'  Bildniss.  pp.  xxii  + 
718.  Zweiter  Band  mit  Wohler's  Bildniss.  pp.  744.  Leipzig  :  Verlag 
von  Wilhelm  Engelmanu.     1901. 

This  important  work  should  have  been  reviewed  long  ago. 
It  ought  to  be  read  by  every  chemist.  It  reveals  to  us  the 
characters  of  the  two  great  men  as  nothing  else  could  at  this 
time.  The  letters  cannot  be  abstracted.  They  must  be  read 
from  beginning  to  end.  This  requires  time,  but  the  time  will 
be  well  spent. 

Some  years  ago,  in  view  of  the  occurrence  of  the  hundredth 
anniversary  of  Wohler's  birth,  July  31,  1900,  the  Royal  So- 
ciety of  Sciences  in  Gottingen  planned  to  publish  this  corre- 
spondence if  Wohler's  letters  to  Berzelius  could  be  secured. 
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These  were  left  to  the  Swedish  Academy  of  Sciences.  Fortu- 
nately, the  Academy  gave  its  consent  to  the  publication. 
Wohler  had  carefully  preserved  the  letters  of  Berzelius,  and 
had  placed  them  in  charge  of  the  Swedish  Academy,  on  con- 
dition that  they  should  not  be  published  before  January  ist, 
1900. 

The  correspondence  began  in  1823,  when  Wohler  asked  to 
be  admitted  into  Berzelius'  laboratory,  and  ended  in  1848  with, 
the  death  of  Berzelius.  This  is  an  extremely  important  period 
in  the  history  of  chemistry.  Professor  Wallach,  the  editor, 
says:  "It  is  intended  by  this  publication  to  facilitate  the 
study  of  one  of  the  most  interesting  chapters  of  chemical  re- 
search and  to  lead  the  younger  chemists  to  trace  to  their 
sources  the  important  investigations  from  which  our  present 
chemistry  has  sprung.  Nothing  could  be  more  profitable  for 
the  healthy  development  of  our  science  than  for  the  young 
chemists,  who  are  just  coming  to  the  front,  to  accustom  them- 
selves to  look  backward  out  of  the  turbulence  of  the  present 
and  to  get  thoroughly  under  the  influence  of  the  thoughtful 
and  almost  painfully  thorough  investigations  which  stamped 
the  time  of  Berzelius  and  Wohler  as  the  classic  age  of  chem- 
istry." 

As  is  well  known,  after  Wohler' s  return  to  Germany  from 
Sweden,  he  soon  began  the  translation  of  the  great  I^ehrbuch 
of  Berzelius  and  also  of  Berzelius'  Jahresbericht.  This  work 
he  kept  up  until  the  death  of  Berzelius.  The  I,ehrbuch  filled 
ten  large  volumes  and  five  editions  were  issued,  though  the 
fifth  was  not  finished.  This  literary  work  alone  was  the 
work  of  a  giant.  Few  men  have  done  as  much.  But  the 
most  important  work  of  both  Berzelius  and  of  Wohler  was  that 
of  teaching  and  investigating.  Both  of  them  contributed 
enormously  to  the  advancement  of  chemistry.  How  they 
could  have  done  the  amount  of  work  they  did  without  break- 
ing down  it  is,  at  first  sight,  difl&cult  to  see.  And  yet,  after 
reading  this  correspondence,  the  explanation  appears.  They 
kept  at  it.  They  rarely  forgot  their  work.  Occasionally  they 
grew  weary  and  talked  of  giving  it  up,  but  they  did  not  give 
way  to  their  impulses,  and  to  the  end  they  kept  in  harness. 
Even  after  it  became  impossible  for  Berzelius  to  write,  he  dic- 
tated letters  about  the  lehrbuch,  the  Jahresbericht,  and  his 
relations  to  Liebig. 

Every  chemist  who  thinks  he  is  overworked  ought  to  study 
the  life  of  Berzelius.  To  be  sure,  probably  but  few  could 
stand  the  strain  that  he  subjected  himself  to,  but  there  is  a 
large  margin  between  the  day's  work  of  the  average  chemist 
and  the  day's  work  of  Berzelius  or  of  Wohler. 
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Much  of  the  correspondence  has  to  deal  with  details  touch- 
ing the  I^ehrbuch  and  the  Jahresbericht.  T5'pographical  er- 
rors, nomenclature,  arrangement,  cuts,  etc.,  are  the  chief 
topics  of  many  of  the  letters,  but,  as  the  editor  remarks  in  the 
preface,  any  attempt  to  condense  these  letters  would  have 
taken  away  from  the  clearness  of  our  view  into  the  scrupulous 
care  with  which  Berzelius  dealt  with  such  matters. 

In  order  to  make  the  references  of  the  writers  to  chemical 
topics  clear.  Dr.  J.  von  Braun  has  appended  notes  that  will 
be  of  great  aid  in  enabling  younger  chemists  to  understand 
the  significance  of  many  passages  in  the  letters  that  would 
otherwise  be  more  or  less  obscure.  These  are  clearly  written 
and  show  a  thorough  grasp  of  the  subject. 

The  writer  of  this  notice  has  marked  throughout  the  two 
volumes  many  especially  striking  paragraphs.  It  would  be  in- 
teresting here  to  quote  these  with  or  without  comment,  but 
on  looking  through  the  book  he  finds  that  they  would  fill 
many  pages  and  only  a  few  can  be  given.  Vol.  II.,  page  79, 
Wohler  writes  :  "  Dann  habe  ich  Dir  nieinen  Dank  zu  sagen 
■fiir  Deinen  Brief  von  28  Dec.  und  das  damit  gekommene 
Thierchemie-Manuscript.  Das  gibt  wieder  ein  gutes  Stiick. 
Arbeit.  Bei  der  wenigen  Zeit,  die  mir  dazu  iibrig  bleibt, 
wiirde  ich  den  Muth  verlieren  hatte  ich  nicht  Dich  als  Muster 
des  unbegreiflichsten  Fleisses  vor  Augen,  sahe  ich  nicht,  welch 
ganz  andere  und  viel  grossere  Arbeit  Du  mit  der  Ausar- 
beitung  des  Originals  hast,  als  ich  mit  der  Uebersetzunghabe. 
Doch  ich  fiirchte,  diese  Jeremiaden  iiber  Zeitmangel  habe  ich 
«chon  mehr  als  einmal  vorgebracht.  Verzeihe  dass  ich  wie- 
derholt  Dich  damit  schwache.  Inzwischen  entspringen  sie 
auch  aus  dem  betriibten  Gefiihl,  dass  ich  fiir  das  was  mir 
am  Meisten  am  Herzen  liegt  fiir  meine  eigenen  Arbeiten  so 
gut  wie  keine  Zeit  iibrig  behalte,  dass  ich  die  Minuten  dazu 
stehlen  muss,  dass  in  einer  so  zerstiickten  und  zerstreuten  Zeit 
keine  Untersuchungen  zu  Stande  kommen  kounen.  Diese 
Klagen  sollen  also  zugleich  vor  Dir  als  Entschuldigungen 
gelten,  dass  ich  nicht  so  productiv  bin,  als  Du  von  mir  er- 
wartest." 

Vol.  II.,  p.  134,  Berzelius  writes  :  "  Es  muss  in  wissen- 
schaftlicher  Hinsicht  ein  Etwas  geben  ahnlich  dem,  was  man 
in  socialer  Takt  nennt,  ein  Gefiihl  das,  ohne  dass  man  fiir 
den  Augenblick  sich  die  Griinde  daftir  klarmachteinemsagt, 
was  zu  thun  sich  nicht  schickt  oder  was  angeht,  und  welches 
Gefiihl  einige  in  hohem  Grade  besitzen  und  andere,  wenn  sie 
auch  mit  noch  mehr  Genie  als  diese  begabt  sind,  ganz  und  gar 
entbehren.     Wenn  ich  eine  unrichtige  theoretische  Darstel- 
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lung  sehe,  so  fiihle  ich  es,  auch  wenn  die  richtige  mir  unbe- 
kannt  ist,  ohne  es  mir  uoch  klar  machen  zu  konnen,  dass  sie 
falsch  ist,  so  wie  das  Ohr  einen  falschen  Ton  hort.  Und  weiin 
eiue  richtige  Darstellung  kommt,  so  wird  sie  sofort  erkaunt, 
sie  erlreut  uud  macht  einen  angenehmen  Eindruck,  so  wie 
eine  reine  Intonation.  Etwas  ahnliches  muss  auch  in  der 
Wissenschaftmitim  Spiele  sein,  dennwirsind  in  vielenDingen 
wie  Maschinen,  und  was  ein  jedervon  unsin  richtiger  Speku- 
lation  vermag  oder  nicht  vermag,  beruht  ganz  und  gar  auf  der 
verschiedenen  Organization  unserer  Gehirne.  Der  Versuch, 
demjenigen  einen  Begriff  von  schoner  Musik  zu  geben,  der 
den  Unterschied  zwischen  falschen  und  reiuen  Tonen  nicht 
hort,  ist  ebenso  vergeblich  wie  denjenigen,  der  nicht  ange- 
borenen  Takt  besitzt,  in  Opinionsachen  zu  iiberzeugen.  Er 
kann,  falls  er  nicht  voreingenommen  ist,  das  richtige  als 
Gedachtnisaufgabe  lernen,  aber  er  ist  immer  bereit,  es  gegen. 
anderes  auszutauschen,  denn  er  empfindet  nicht,  dass  dieses 
weniger  richtig  ist. — Oder — ist  dieses  nur  eine  dumme  Idee 
von  rair  ?" 

It  appears  from  a  passage  in  a  letter  written  by  Wohler, 
April  25th,  1840  (Vol.  II.,  p.  169),  that  the  well-known  satire 
on  the  substitution  theory  that  was  published  in  the  Annalen 
(Bd.  33,  308)  was  written  by  Wohler.  Eiebig  published  it 
without  consulting  the  writer.  Wohler  says  in  regard  to  this  : 
"  Dass  Dir  der  Einfall  iiber  die  Substitutions-theorie  nicht 
missfalleu  hat  und  dass  Du  bemerkst,  er  verdiene  allgemeiner 
gelesen  zu  werden,  ist  mir  eine  wahre  Beruhigung  gewesen, 
da  Iviebig  ihn,  ohne  meiu  Wissen  und  Willen,  aber  versteht 
sich  ohrTe  meinen  Nahmeu,  wirklich  drucken  lassen,  indem 
er  ihn  in  dem  einen  und  anderen  Punkt  etwas  abgeandert 
und  einige  neue  Witze  hinzugefiigt  hat.  Ehe  ich  namlich 
den  Brief,  worin  ich  Dir  den  Spass  geschrieben  hatte,  zu- 
machte,  kam  ich  auf  den  Einfall,  denselben  auch,  weii  er 
mir  selbst  gefiel,  Liebig  mitzutheilen  und  fiir  ihn  in  Form  eines 
aus  Paris  datirten  Briefes  abzuschreiben,  ohne  dass  ich 
aber  im  Entferntesten  darau  dachte,  dass  er  so  toll  sein  wiirde 
ihn  in  den  Annalen  abdrucken  zu  lassen.  Er  ist  mit  S.  Ch. 
Windier  (Sch windier)  unterzeichnet." 

On  page  267,  Vol.  II.,  occurs  this  advice  to  Wohler: 
"  Lieber  "Wohler,  arbeite  tiichtig  so  lange  Du  noch  Krafte 
hast,  denn  Du  glaubst  nicht,  was  der  Mensch  fiir  ein  Vieh 
wird,  wenn  er  zu  altern  anfangt."  Berzelius  was  then  in  his 
62nd  year. 

In  1841  (Vol.  II.,  p.  274)  Wohler  writes  in  regard  to  the 
work  of  translation  to  which  he  gave  so  much  time  :     "Fiir 
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Nieinand  Anderes  in  der  Welt  als  fiir  Dich  wiirde  icb  dieses 
Geschaft  noch  einmal  iibernehraen.  Es  ist  nur  Gefiihl  des 
Daakes  und  der  Pflicbt,  nur  Pietat  gegen  Dich,  die  mich  dazu 
bestimmt." 

Berzelius'  relations  to  Liebig  are  illuminated  by  these  let- 
ters. They  respected  each  other  and  at  times  were  positively 
affectionate,  but  at  times  they  were  quite  the  opposite.  In 
1842,  Berzelius  really  thought  Liebig  was  becoming  insane, 
and  writes  (Vol.  II.,  p.  298):  "  Liebster  Wohler  !  Ich 
schreibe  Dir  dieses  in  grosser  Traurigkeit.  Ich  erhielt  mit 
der  letzten  Post  das  Marzheft  der  Annalen,  das  ich  am  Sonn- 
tag  auf  dem  Lande,  wo  ich  nichts  anderes  zu  thun  hatte, 
durchlas  und  woraus  ich  nun  deutlich  ersehe,  dass  meine  im 
letzten  Briefe  geausserte  Befiirchtung,  dass  Liebig  nahe  daran 
sei,  den  Verstand  zu  verlieren,  friiher,  als  ich  dachte,  zur 
Wirklichkeit  geworden  ist  und  dass  er  nun  das,  was  wir  auf 
Schwedisch  "  galen"  nennen,  wirklich  ist.  Was  soil  man 
mit  dem  armen  Manne  thun  ?  Wenn  seine  Freunde  sich  jetzt 
uicht  um  ihn  bemiihen,  so  kann  er  leicht  unrettbar  verloren 
gehen." 

Wohler  defends  Liebig  warmly,  while  acknowledging  that 
there  appears  to  be  some  justification  for  the  statements.  He 
says,  Vol.  II.,  p.  301  :  "  Es  ist  ein  durchaus  rechtlicher, 
ehrenhafter  und  nobeler  Charakter,  aber  leidenschaftlich,  un- 
besonnen  und  riicksichtslos.  Ich  missbillige  im  hochsten 
Grade  diese  Riicksichtslosigkeit,  diese  unwiirdige  Art  der 
Polemik,  diese  anmaasliche  Sprache  in  wissenschaftlichen 
Gegenstanden  ;  aber  ich  liebe  ihn  als  einen  meiner  besten 
Freunde  und  verehre  ihn  als  einen  ausgezeichneten  Geist." 

Side  lights  are  thrown  upon  the  scientific  partnership  be- 
tween Liebig  and  Wohler.  Berzelius  has  advised  Wohler  to 
withdraw.  To  this  Wohler  replies  (Vol.  II.,  p.  324)  :  "  Da 
ich  von  Liebig  rede,  will  ich  hier  gleich  die  Bemerkungen  in 
Deinera  Brief  von  9ten  Aug.,  das  gemeinschaftliche  Arbeiten 
mit  ihm  betreffend,  beantworten.  Ich  muss  Dir  im  AUge- 
meinen  beistimmen  und  anerkennen  dass  ich  mit  meinem 
Theil  Ehre,  unverdienterweise,  etwas  zukurzkomme.  Aber 
was  liegt  daran,  wenn  die  Sache  an  sich  dadurch  gewinnt,  und 
dass  ist  ganz  gewiss  der  Fall.  Wir  beiden,  Liebig  und  ich, 
haben  ungleiche  Arten  von  Talent,  die,  zusammenwirkend, 
einander  erganzen  und  etwas  zu  leisten  vermogen.  Niemand 
erkennt  diess  mehr  an  als  Liebig  selbst,  und  Niemand  lasst 
mir  fiir  den  Antheil  an  unseren  gemeinschaftlichen  Arbeiten 
mehr  Gerechtigkeit  widerfahren  als  er,  wenigstens  privatim. 
Uebrigens  wenn  ich  auf  die  offentliche  Meinung  einen  Werth 


438  Reviews. 

legen  will,  so  ware  es,  sollte  ich  denken,  unklug  gehandelt, 
gerade  jetzt  mich  von  ihni  zuriickzuziehen  und  aufzuhoren, 
Arbeiten  gemeiuschaftlich  mit  ihm  auszufiihren.  Doch  ist 
diess  nicht  der  Grund,  warum  ich  ihm  die  Narcotiu-Unter- 
suchung  zum  Gegenstand  einer  geraeinschaftlichen  Arbeit 
angeboten  habe  (was  schon  vor  Empfang  Deines  Briefes  von 
9ten  Aug.  geschehen  war).  Es  geschah  diess,  um  ihm  einen 
thatlichen  Beweis  meiner  unveranderten  Freundschafts-Ge- 
sinnungen  gegen  ihn  zu  geben,  zu  einer  Zeit,  wo  von  alien 
Seiten  (zum  Theil  verdiente)  Verdriesslichkeiten  auf  ihn 
losstiirmten  und  er  in  diesera  Zustande  von  Gereiztheit 
Griinde  und  Symptome  zu  sehen  glaubte,  dass  auch  ich  ihn 
verleugnen  und  verlassen  wollte." 

The  publication  of  the  results  of  work  done  by  a  student 
under  the  direction  of  his  teacher  is  touched  upon  in  a  letter 
from  Wohler  (Vol.  II.,  p.  395)  :  "Da  nun  in  neuerer  Zeit 
haufig  der  Fall  vorkommt  dass  nicht  unwichtige  Arbeiten  von 
Eleven  auf  Veranlassung  und  unter  Leituug  ihrer  Lehrer 
vorgenommen  und  dann  die  Resultate  in  den  Lehrbiichern 
erwahnt  werden,  so  kann  oft  die  Frage  enstehen,  wessen 
Nahmen  dabei  als  Autoritat  zu  nennen  ist.  Dabei  immer  die 
Explication  zu  geben,  dass  es  unter  der  Eeitung  von  dem  und 
dem  geschehen  sei,  ist  zu  umstandlich  und  passt  nicht  wohl 
fiir  ein  I^ehrbuch.  Fiir  diese  Falle  scheint  mir  daher  der 
Ausweg,  den  Du  einmal  angewendet  hast,  im  Allgemeinen 
der  beste  zu  sein,  namlich  die  Arbeit  als  eine  gemeinschaftliche 
des  Lehrers  und  der  Eleven  anzufiihren.  So  ware  also  die 
obige  Arbeit  iiber  die  Wirkung  des  Chlors  auf  das  Kohlen- 
sulfid  als  '  von  Wohler  und  Kolbe'  zu  bezeichnen.  Ich  hoffe, 
dass  Du  mir  diese  Bemerkung  nicht  als  eine  kleinliche  Eitel- 
keit  auslegen  wirst." 

To  this  Berzelius  remarks  (Vol.  II.,  p.  401)  :  "  Es  muss 
dort  Wohler  und  Kolbe  richtig  eingetragen  werden ;  was 
Deinen  Vorschlag  betrifft  in  alien  ahnlichen  Fallen  auf  dieselbe 
Weise  zu  verfahren,  so  ist  das  wohl  im  Grunde  das  Richtige, 
aber  was  soil  ein  armer  Kompilator  machen,  wenn  er  seinen 
Honig  aus  einem  Journal  holt,  wo  nur  der  Schiiler  als  Verfas- 
ser  angegeben  ist.  Das  richtigste  ist,  ihn  dadurch  zu  autori- 
sieren,  dass  die  Namen  des  Lehrers  und  des  Schiilers  bei  dem 
Artikel  im  Journal  zusammenstehen.  Einen  solchen  "  blanc- 
bec"  in  seinem  eigenen  Namen  ausfliegen  zu  lassen,  ver- 
wohnt  so  sehr,  dass  er  stolz  und  eitel  und  anspruchsvoll  wird. 
Dein  Volckel  z.B. ,  wenn  man  das,  was  er  unter  der  Eeitung  von 
Deiner  Hand  und  von  Deinem  Kopfe  hinsichtlich  der  Schwef- 
elcyanverbindungen  gemacht  hat,  mit  dem  vergleicht,  was  er 
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jetzt  nachher  auf  eigene  Faust  und  nach  seinem  eigenen 
Kopfe  gemacht  hat,  welch  ein  Unterschied  !  und  doch  welche 
Anspriiche  in  der  Art  der  Darstellung,  er  behandelt  Liebig 
wie  eine  Prise  Schnupftabak.  Ich  rate  Dir  desshalb  nunmehr 
damit  anzufangen,  Deinen  Namen  neben  den  des  Sch tilers 
auf  solche  Arbeiten  zu  setzen,  zu  denen  Du  in  dem  Ivabora- 
torium,  dem  Du  vorstehst,  die  Anleitung  giebst.  Es  bleibt 
immer  eine  Wahrheit  das  die  Sache  Dirgehort  und  die  Arbeit 
dem  Schiller." 

But  these  few  extracts  must  suffice.  It  is  hoped  that  every 
earnest  j^oung  chemist  will  carefully  read  the  whole  of  the 
correspondence.  He  cannot  fail  to  be  interested  and  bene- 
fitted.    Older  chemists  need  no  advice.  i.  r. 

The  Teaching  of  Chemistry  and  Physics  in  the  Secondary 
School.  By  Alexander  Smith,  B.Sc,  Ph.D.,  Associate  Professor 
in  the  University  of  Chicago,  and  Edwin  H.  Hall,  Ph.D.,  Professor 
in  Harvard  University.  New  York,  London,  and  Bombay  :  Long- 
mans, Green  &  Co.,     1902.     pp.  xiii  +  377. 

It  would  be  well  if  every  teacher  of  chemistry  and  of  physics 
should  not  only  read,  but  carefully  study,  this  book.  It  is 
full  of  good  common  sense  presented  in  an  attractive  way. 
It  does  not  attempt  to  tell  the  teacher  exactly  what  to  do  un- 
der all  circumstances,  but  it  does  offer  a  great  many  valuable 
suggestions  in  a  kindly  and  practical  way.  Neither  author, 
assumes  the  "high  and  mighty"  attitude  towards  his  read- 
ers. They  show  that  they  have  lived  and  suffered,  but  that 
they  have  kept  their  eyes  open  and  have  learned  something 
about  teaching. 

The  first  part,  that  which  deals  with  chemistry,  consists  of 
eight  chapters.  These  bear  the  headings  :  I.  Introduction  ; 
II.  Chemistry  in  the  Curriculum;  III.  The  Introduction  of 
the  Subject ;  IV.  Instruction  in  the  Laboratory  ;  V.  Instruc- 
tion in  the  Classroom  ;  VI.  Some  Constituents  of  the  Course  ; 

VII.  The  I,aboratory,  Equipment,  and  Illustrative  Material  ; 

VIII.  The  Teacher,  His  Preparation  and  Development. 
The  second  part  (pages  233  to  371)  contains  thirteen  chap- 
ters with  the  following  titles  :  I.  Whether  to  be  a  Teacher 
of  Physics  ;  II.  Preparation  for  Teaching  ;  III.  The  Teacher 
as  Student,  Observer,  and  Writer  ;  IV.  Problems  of  Labora- 
tory Practice  ;  V.  School  Text-books  of  Physics  ;  VI.  Dis- 
covery, Verification,  or  Inquiry  ?  ;  VII.  The  Technique  of 
Laboratory  Management ;  VIII.  Lectures  and  Recitations  ; 

IX.  Physics  in  Primary  and  Grammar  Schools  ;  X.  Physics 
in  Various  Kinds  of  Secondary  Schools  ;  XL  On  the  Presen- 
tation of  Dynamics  ;  XII.  Plan  and  Equipment  of  a  Labora- 
tory ;  XIII.  Physics  Teaching  in  Other  Countries. 
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In  his  preface,  Professor  Smith  says  :  "  The  book  assumes 
the  reader's  familiarity  with  the  science.  Many  brief  refer- 
ences to  chemical  matters  would  have  been  greatly  expanded 
or  carefully  limited  if  thej-  had  been  intended  for  beginners. 
There  has  been  no  intention  to  recommend  particular  text- 
books. Many  have  been  cited  as  possessing  some  point  of 
special  excellence,  but  this  must  not  be  taken  to  indicate  em- 
phatic approval  of  those  works  as  wholes,  say  for  use  with  a 
class  of  beginners." 

In  respect  to  advice  about  books,  the  authors  have  both 
been  so  extremely  tolerant  that  the  teacher  will  get  the  im- 
pression that  any  one  of  a  dozen  or  more  text-books  w'ill 
answer  about  as  well  as  any  other,  though  he  will  also  get  the 
impression,  perhaps  a  proper  one,  that  no  matter  what  book 
he  may  choose  he  will  probably  wish  that  he  had  chosen  an- 
other. 

Professor  Smith  restates  a  fundamental  truth  that  is  never 
to  be  lost  sight  of  when  he  says:  "In  all  instruction  the 
personality  of  the  teacher  is  held  to  be  a  factor  of  not  less  im- 
portance than  the  nature  of  the  su Inject  taught.  The  close 
personal  contact  which  laborator}^  instruction  secures  between 
the  pupil  and  teacher,  and  the  consequent  greater  opportunity 
which  his  personality  has  to  impress  itself  upon  the  pupils  is  not 
one  of  the  least  of  the  benefits  we  are  discussing." 

Further,  he  says  (p.  122)  :  "  One  of  the  most  serious  faults 
of  much  chemistry  teaching  is  that  the  pupils  are  allowed  to 
work  by  themselves  in  the  laboratory  in  the  absence  of  the 
teacher."  *  *  *  "  The  disastrous  blunder  of  permitting 
or  encouraging  unsupervised  work  seems  to  be  commoner  in 
colleges  than  in  secondary  schools.  But,  until  it  is  recog- 
nized and  remedied,  we  can  never  secure  either  culture  or  a 
knowledge  of  chemistry     *     *     *     ." 

In  regard  to  the  time  for  the  introduction  of  the  atomic 
theory  he  says  (p.  161)  :  "It  may  be  possible  to  introduce 
the  atomic  theory  at  an  early  stage  without  causing  confusion 
and  to  talk  to  beginners  of  atoms  when  combining  weights 
are  intended,  without  obscurity,  but  I  do  not  know  any  text- 
book in  which  this  has  been  done  successfully,  and  I  could 
name  many  in  which  it  has  been  attempted  with  disastrous 
results." 

The  passages  above  quoted  will  meet  with  the  hearty  ap- 
proval of  a  good  many  teachers  of  chemistry — among  them 
the  writer  of  this  notice. 

Finally,  let  me  quote  a  part  of  what  the  author  has  to  say 
on  the  subject  of  the  importance  of  a  knowledge  of  physical 
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chemistry  for  the  teacher  of  chemistry  :  "  On  the  whole,  per- 
haps, after  this  discussion  of  some  of  the  bearings  of  physical 
chemistry  upon  elementary  chemistry,  it  may  be  a  question 
whether,  in  the  average  course,  time  will  be  found  for  anything 
more  than  a  touch  of  the  subject  here  and  there.  The  con- 
clusion is  inevitable,  however,  that  the  teacher  himself  must 
be  thoroughly'-  familiar  with  the  results  of  physical  chemistry 
and  its  applications  to  ordinary  chemical  phenomena,  if  the 
instruction  he  gives  is  to  be  thoroughly  sound." 

In  the  first  part  of  the  book,  three  misprints  of  proper  names 
have  been  noted.  On  page  202,  "  F.  W.  Clark"  should  be 
"  F.  W.  Clarke ;"  on  page  221,  "  Ramay"  should  be  "  Ram- 
say ;"  on  page  223,  "  Ritcher"  should  be  "  Richter." 

Professor  Hall's  part  of  the  book  covers,  to  some  extent,  the 
same  ground  that  Professor  Smith's  does,  though  the  editor 
of  the  Series  ("  American  Teachers  Series"),  Dr.  James  E. 
Russell,  says  :  "  The  authors  of  the  separate  parts  on  chem- 
istry and  physics  have  conferred  frequently  during  the  pro- 
gress of  the  work  and  have  endeavored  to  avoid  unnecessary 
duplication." 

Professor  Hall  has  had  much  to  do  with  the  working  out  of 
the  Harvard  Descriptive  List  of  Elementary  Exercises  iit 
Physics,  and  he  naturally  draws  upon  his  experience  in  the 
use  of  this  course,  and  those  teachers  who  are  following  it 
should  read  what  he  has  to  say.  The  author  says  (page  315)  : 
"  Physics  is,  at  the  best,  hard  for  most  minds,  young  or  older  ; 
and  if  the  teacher  is  blessed  with  the  gift,  or  can  by  pains  ac- 
quire the  power,  of  presenting  his  subject  in  an  attractive 
way,  of  making  his  teaching  artistic  in  form  as  well  as  sound 
in  substance,  he  will  win  not  only  the  respect  of  his  pupils 
but,  what  is  perhaps  to  both  sides  more  stimulating,  their  ad- 
miration." I.  R. 

Tests  and  Reagents,  Chemicai.  and  Microscopical.  By  Alfred 
I.  COHN,  Ph.G.  New  York  :  John  Wiley  &  Sons.  1903.  8vo.  pp. 
383.     Cloth,  I3.00. 

Chemists,  and  no  doubt  pharmacists  and  microscopists  as 
well,  are  continually  seeing  in  the  literature  references  to  tests 
and  reagents  that  are  known  by  their  authors'  names.  It 
usually  happens  that  the  less  common  of  tbeni  are  not  men- 
tioned in  the  books  at  hand.  The  present  work  has  been 
written  with  just  this  difiiculty  in  view.  The  tests  are  ar- 
ranged alphabetically,  according  to  the  names  of  the  authors, 
and  on  the  338  pages  devoted  to  them  there  are,  on  the  aver- 
age, 8  to  the  page.  By  far  the  greater  number  of  these  are  of 
less  imoortance  to  the  chemist  than  to  the  other  workers  for 
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whom  the  book  is  intended.  The  following  examples  will 
give  an  idea  of  the  character  of  the  book  :  Lythgoe  (aniline 
orange  in  milk)  ;  Magini  (stain  for  nervous  centers)  ;  Lux 
(fatty  oils  in  mineral  oils)  ;  Lawrence  (glycerine  jelly)  ; 
Johnson  (sugar  in  urine)  ;  Eboli  (alkaloids)  ;  Edlefsen 
(naphthalene)  ;  Drechsler  (alcohol)  ;  etc.  In  the  index  the 
substances  tested  for  are  given  with  the  names  of  the  authors 
following.  Here  and  there  errors  in  spelling  occur.  We 
note,  for  example,  "Hoffmann."  On  the  whole,  the  book 
seems  to  be  a  valuable  one,  and  should  be  in  demand. 

c.  E.  w. 

Quantitative  CIvASSIfication  of  Igneous  Rocks,  Based  on  Chem- 
ical and  Mineral  Characters,  with  a  Systematic  Nomenclature  by 
Whitman  Cross,  Joseph  P.  Iddings,  Louis  V.  Pirsson,  Henry  S. 
Washington.     University  of  Chicago  Press,     pp.  286. 

The  publication  of  this  work  by  four  of  the  leading  petro- 
graphers  of  America  marks  a  distinct  epoch  in  the  study  of 
igneous  rocks  and  the  handling  of  chemical  analyses  in 
petrographical  investigations.  The  principles  of  classifica- 
tion involved  call  for  the  careful  determination  of  the  chem- 
ical constituents  of  each  rock,  and  a  computation  of  these  into 
certain  well-defined  mineral  molecules  which  are  to  be  known 
as  standard  minerals.  It  is  proposed  to  base  the  new  classifi- 
cation on  the  predominant  mineral  constituents  thus  derived, 
which  fall  into  two  broad  classes  ;  the  salic  minerals,  rich  in 
silica  and  alumina,  such  as  the  feldspars,  quartz,  leucite,  and 
nepheline,  and  the /^wzV  minerals,  rich  in  iron  and  magnesium, 
such  as  diopside,  hypersthene,  olivine,  etc.  According  to 
the  proportions  of  these  salic  and  femic  minerals,  igneous 
rocks  are  divided  into  five  Classes.  Each  Class  in  turn  is 
divided,  according  to  the  relative  proportion  of  the  minerals 
belonging  to  the  predominant  group,  into  five  Orders,  which 
are  in  turn  divided  into  five  Rangs,  according  to  the  ratio  of 
Na,0  +  K,0  :  CaO  or  CaO  -f  MgO  +  FeO  :  Na,0.  The 
Rangs  are  in  turn  subdivided  into  five  or  three  Subrangs  ac- 
cording to  the  ratio  of  K,0  :  NajOaud  MgO  :  FeO.  Each  of 
the  several  divisions  is  indicated  by  a  characteristic  termina- 
tion in  the  nomenclature. 

The  use  of  this  classification  will  cause  all  rock  masses  of 
the  same  chemical  composition  to  fall  together  in  a  purely 
artificial  classification  regardless  of  the  minerals  formed  dur- 
ing the  consolidation  of  the  rock  magma.  The  authors  be- 
lieve that  a  natural  classification  of  rocks  is  not  obtainable 
with  our  present  knowledge,  and  suggest  the  new  classifica- 
tion with  the  hope  that  it  will  avoid  the  present  multiplication 
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of  names  and  poorly  defined  rock  types  based  upon  minera- 
logical  composition. 

The  adoption  of  this  classification  by  the  more  advanced 
petrographers  in  America  will  necessitate  greater  accuracy  in 
the  analysis  of  the  different  chemical  constituents,  especially 
ferric  and  ferrous  iron  and  the  alkalies,  as  well  as  of  the 
numerous  constituents  which  are  found  in  small  quantities  in 
igneous  rocks,  as  shown  by  Hillebrand's  excellent  analyses. 

E.  B.  M. 

Benzoltabeli-EN.  Darstellungsmethoden  und  Eigeuschaften  der  ein- 
facheren,  technisch  wichtigen  Benzolderivate  aus  der  Literature 
zusammengestellt  vou  Dr.  Carl  Schwalbe,  Privatdocenten  an  der 
Technischen  Hochschule  zu  Darmstadt.  Berlin  :  Gebriider  Born- 
traeger.     1903. 

In  this  book  of  less  than  270  quarto  pages  is  contained  a 
very  large  amount  of  information  of  value  to  every  chemist 
who  is  interested  in  the  derivatives  of  benzene  and  its  homo- 
logues.  The  principal  classes  of  compounds  are  taken  up  in 
order,  beginning  with  the  sulphonic  acids,  halogen  deriva- 
tives, nitro  derivatives,  monaraines,  etc.,  and  ending  with  the 
aldehydes,  aldehydesulphonic  acids,  and  the  carbonic  acids. 
Opening  the  book  at  random  we  come  to  5-Sulphosalicylic 
acid.  Under  this  heading  are  given  six  methods  of  formation 
of  the  acid,  with  references  to  the  original  literature  in  a 
parallel  column.  The  properties  are  stated,  again  with  litei^ 
ature  references,  and  there  are  four  articles  cited  in  connec- 
tion with  the  salts  of  the  acid.  Every  one  of  the  250  or  more 
compounds  mentioned  in  the  book  is  treated  in  a  similar  way. 
The  book,  apart  from  its  large  size,  is  not  suited  to  the  use  of 
students  in  the  laboratory  on  account  of  the  brevity  of  the  di- 
rections, but  it  will  prove  of  great  value  to  any  one  who  wishes 
to  learn  the  best  methods  of  preparing  benzene  derivatives. 
It  should  find  a  place  in  every  chemical  library.       C.  E.  W. 

Jahresbericht  user  die  Fortschritte  der  Chemie  und  ver- 
WANDTER  Theii-E  anderer  Wissenschaften.  Begriindet  von  J. 
I/IEBig  und  H.  Kopp.  Unter  Mitwirkung  namhafter  Fachgenossen 
herausgegeben  von  G.  BodlAnder,  W.  Kerp,  und  G.  Minunni. 
Neuntes  Heft.  1894.  Braunschweig:  Friedrich  Vieweg  und  Solin. 
1902. 

The  "  Jahresbericht"  is  so  well  known  that  its  appearance 
calls  for  no  comment  except  to  note  the  fact  that  a  new  num- 
ber has  been  issued.  C.  E.  w. 

Lois  Generales  de  L'Action  des  Diastases.  Par  Victor  Henri, 
Docteur  en  Philosophic  (University  de  Gottingue),  Docteur  es 
Sciences  Prdparateur  de  Physiologie  a  la  Sorbonne.  Paris  :  Libra- 
rie  Scientifique  A.  Hermann.     1903.     pp.  129. 

The  object  of  the  author   is  to  present  the  best  work  that 
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has  been  done  on  the  kinetics  of  enzyme  action,  and  to  con- 
sider the  results  obtained  in  the  light  of  what  is  known  of  the 
kinetics  of  more  simple  chemical  reactions.  In  the  introduc- 
tion he  very  briefly  summarizes  the  present  knowledge  of 
catalysis  of  which,  as  he  says,  enzyme  action  is  but  a  special 
case. 

Only  three  enzymes  are  considered  in  this  work,  nameh^, 
invertase,  emulsiu,  and  diastase.  Chapter  I.  contains  a  re- 
view of  what  has  been  done  on  the  kinetics  of  the  above-men- 
tioned enzymes,  especially  the  work  of  O'Sullivan  and  Thomp- 
son, Tammann,  Duclaux,  A,  Brown,  H.  Brown  and  Glen- 
dinning,  and  Herzog.  The  remaining  75  pages  of  the  mono- 
graph deal  with  the  work  of  the  author,  and  his  theoretical 
conclusions,  which  are  of  much  interest  and  importance  and 
may  be  summarized  as  follows  : 

Invertase. — ( i )  The  inversion  of  saccharose  by  this  enzyme 
is  more  rapid  than  would  be  indicated  by  the  logarithmic 
equation  which  applies  to  the  inversion  by  acids.  (2)  Invert 
sugar  inhibits  the  action  of  invertase,  and  this  inhibition  is 
due  almost  entirely  to  the  fructose.  The  inhibitory  action  of 
invert  sugar  is  greatest  when  only  a  small  amount  of  saccha- 
rose is  present  and  decreases  as  the  amount  of  saccharose  is 
increased.  (3)  For  solutions  of  saccharose  more  dilute  than 
N/io,  the  velocity  of  the  inversion  increases  with  the  concen- 
tration of  the  saccharose.  Between  N/io  and  N/2  the  velo- 
cit)'  is  independent  of  the  concentration,  while  above  N/2  in- 
crease in  the  concentration  of  the  saccharose  decreases  the 
velocity  of  the  inversion.  (4)  The  velocity  of  the  inversion 
is  proportional  to  the  quantity  of  enzyme  acting.  (5)  The 
author  assumes  that  the  enzyme  forms  intermediate  combina- 
tions with  the  substance  upon  which  it  acts,  and  also  with  the 
substances  produced  by  its  action.  In  support  of  this  view  he 
points  out  that  Emil  Fischer  found  invertase  to  act  only  on 
those  substances  which  on  hydrolysis  yield  fructose,  and  con- 
nects this  with  the  fact  that  he  has  found  that  the  inhibitory 
action  of  invert  sugar  is  due  almost  entirel}^  to  fructose.  He 
further  points  out  that  whereas  the  velocity  of  inversion  is 
largely  independent  of  the  saccharose  present  at  the  beginning 
of  the  reaction,  yet  the  addition  of  saccharose  during  the 
course  of  the  reaction  increases  the  velocity  of  the  inversion. 
He  explains  the  inhibitory  effect  of  the  products  of  enzyme 
action  as  Tammann  did,  viz.,  by  the  formation  of  combina- 
tions between  the  enzyme  and  these  products.  He  does  not 
consider  the  question  of  reversibility  as  an  explanation  of  in- 
hibition by  the  products  of  hydrolysis.     (6)  He  believes  that 
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a  state  of  equilibrium  exists  between  the  free  enzyme  and  that 
combined  with  the  substance  upon  which  it  acts  and  the 
products  of  the  hydrolysis,  and  from  this  deduces  the  formula 

dx  _  k{a — x) 

dt  \-\-m{^a — x) -\- nx' 

where  -^  is  a  constant  proportional  to  the  quantity  of  enzyme 
acting,  m  and  n  are  constants  which  depend  upon  the  compo- 
sition of  the  medium  and  the  temperature,  and  vary  with  differ- 
ent enzymes.  They  give  k  the  same  value  whatever  be  the 
concentration  of  the  saccharose  and  invert  sugar.  This  equa- 
tion was  found  to  hold  for  the  action  of  invertase  on  saccha- 
rose and  also  for  emulsin  acting  on  salicin. 

Emulsin. — He  studied  its  action  on  salicin  and  found  the 
hydrolysis  to  be  slower  than  would  be  indicated  by  the  loga- 
rithmic equation.  Otherwise  the  results  were  similar  to  tbxse 
given  above  for  the  action  of  invertase  on  saccharose. 

Diastase. — (i)  The  velocity  of  the  formation  of  maltose 
from  starch  by  diastase  follows  a  curve  parallel  to  that  of  the 
acid  hydrolysis.  (2)  The  quantity  of  starch  present  influ- 
ences in  a  different  manner  the  action  of  pancreatic  diastase 
and  that  obtained  from  malt.  (3)  It  is  impossible  to  treat 
this  reaction  mathematically  since  so  little  is  known  of  the  in- 
termediate steps  in  the  hydrolysis.  (4)  If  we  assume  vi  and 
n  to  be  equal  in  the  above-mentioned  equation,  the  formation* 
of  maltose  seems  to  follow  the  same  law  as  was  found  to  hold 
for  invertase  and  emulsin.  a.  s.  l. 

The  Principles  of  Animal  Nutrition.  With  Special  Reference  to 
the  Nutrition  of  Farm  Animals.  By  Henry  PrenTiss  Armsby, 
Ph.D.,  Director  of  the  Pennsylvania  State  College  Agricultural  Ex- 
periment Station  ;  Expert  in  Animal  Nutrition,  United  States  De- 
partment of  Agriculture,  First  edition  ;  first  thousand.  New  York. : 
John  Wiley  &  Sons  ;  London  :  Chapman  &  Hall,  Limited.  1903. 
pp.  614. 

As  the  author  states  in  his  preface,  this  book  is  not  a  trea- 
tise upon  stock-feeding,  but  "an  attempt  to  present  in  sys- 
tematic form  to  students  of  that  subject  a  summary  of  our 
present  knowledge  of  some  of  the  fundamental  principles  of 
animal  nutrition,  particularly  from  the  standpoint  of  energy 
relations,  with  special  reference  to  their  bearings  upon  the 
nutrition  of  farm  animals." 

It  is  assumed  by  the  author  that  the  reader  is  already 
familiar  with  the  general  nature  of  nutrition  processes,  and 
he,  therefore,  devotes  all  of  his  energy  to  that  aspect  of  the 
subject  of  nutrition  that  has  been  designated  b}'  some  writers 
as  "the  statistics  of  nutrition."     Assuming  the  existence  of  a 
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fundamental  distinction  between  matter  and  energy,  the 
author  divides  the  subject-matter  into  two  parts.  The  first 
part  deals  with  the  income  and  expenditure  of  matter  ;  the 
second  part,  with  the  income  and  expenditure  of  energ5^ 
The  first  two  chapters  of  the  first  part  deal  quite  generally 
with  the  essentials  of  feeding  and  of  metabolism.  Then,  after 
devoting  a  chapter  to  a  consideration  of  methods,  the  author 
discusses  the  subject  of  metabolism  more  minutely  under  the 
following  heads,  to  each  of  which  a  chapter  is  devoted  :  Fast- 
ing Metabolism,  The  Relation  of  Metabolism  to  Food-supply, 
and  The  Influence  of  Muscular  Exertion  upon  Metabolism. 
The  plan  outlined  in  the  first  part  is  adhered  to  in  the  second. 
After  a  general  consideration  in  three  chapters,  of  Force  and 
Energy,  of  the  Conservation  of  Energy  in  the  Animal  Body, 
and  of  Methods  of  Investigation,  the  main  subject  is  developed 
in  detail  in  the  four  remaining  chapters,  entitled:  Food  as  a 
Source  of  Energy,  Internal  Work,  Available  Energy,  and  the 
Utilization  of  Energy. 

The  author  handles  these  subjects  with  great  skill.  While 
the  well-known  facts  are  usually  but  briefly  illustrated  by  a 
few  classical  experiments,  the  disputed  points  are  discussed 
in  detail,  experiments  and  statistics  are  given  at  great  length,, 
together  with  full  references  to  the  literature.  These  discus- 
sions would  be  rather  cumbersome  were  it  not  for  the  fact 
that  each  is  concluded  with  a  short  and  accurate  summary, 
bringing  all  the  data  into  a  clear  and  concise  paragraph  or 
table. 

The  reviewer  believes  that  workers  in  the  field  of  animal 
nutrition  will  find  the  book  of  Dr.  Armsby  very  valuable  and 
suggestive,  pointing  out,  as  it  does,  the  doubtful  and  the  un- 
known in  this  branch  of  physiology.  It  is,  however,  to  be 
regretted  that  the  author  adopts  the  classification  of  nitro- 
genous foodstuffs  recommended  by  the  Association  of  Ameri- 
can Agricultural  Colleges  and  Experiment  Stations.  Many 
of  the  terms  used  in  this  classification  have  totally  different 
meanings  in  the  classification  now  generally  used  by  English, 
German,  and  American  physiologists.  J.  K. 
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ON   SUBSTITUTED    BKNZHYDROL    DERIVATIVES 
AND  BROMCYANACETIC  ETHER.' 

By  N.  E.  Goldthwaite. 

PART   I. 

On  Substituted  Benzhydrol  Derivatives. 

Experiments  on  the  isomeric  dibromdiphenylmethanes, 
(C6H^Br)j=CH2,  were  undertaken  with  the  object  of  deter- 
mining, if  possible,  the  position  of  the  two  bromine  atoms  in 
the  benzene  rings,  and  the  relative  amounts  of  the  different 
isomers  produced  when  diphenylmethane  is  brominated  at  a 
low  temperature.  The  derivatives  of  the  general  formula, 
(C6H,Br),=:CHX  (in  which  X  —  Br,  OH,  OCOCH,,  etc.), 
were  studied  with  especial  care  as  these  compounds  are  of  in- 
terest because  of  their  low  points  of  dissociation  ;  they  lose 
HX  at  temperatures  varying  from  165°  to  300°,  and  are  thus 
found  to  be  perfectly  analogous  in  their  reactions  to  benz- 
hydrol, benzhydrol  ether,  diphenylmethyl  bromide,  and 
benzylic  acid,  whose  chemistry  has  been  so  carefully  worked 
out  by  Nef.^ 

1  The  work  here  described  was  performed  during  the  years  1895-1897,  under  the 
direction  of  Dr.  J.  U.  Nef,  in  the  Kent  Chemical  I^aboratory  of  the  University  of 
Chicago. 

'  Ann.  Chem.  (Liebig),  398,  231-256. 


448  Goldthwaite. 

Paradibromdiphenyhnethane,  (C5H^Br)j=CH2. — The  action 
of  bromine  on  diphenylmethane  has  been  studied  only  at  high 
temperatures,  when  diphenylmethyl  bromide^  is  formed.  If, 
however,  the  action  is  carried  out  at  low  temperatures^  and  in 
the  presence  of  iodine,'  the  bromine  enters  the  benzene  rings 
exclusively,  and  ^-dibromdiphenylmethane  (70  per  cent)  is 
produced  together  with  small  amounts  of  the  corresponding 
o,p-  and  (7-dibrom  compounds.  The  exact  method  of  work 
was  as  follows  :  A  mixture  of  diphenylmethane*  (100  grams) 
and  iodine  (10  grams — reaction  goes  as  well  with  5  grams) 
was  cooled  to  0°  in  a  large  flask  which  was  connected  with 
a  drop-funnel  and  with  a  reflux  condenser,  the  latter  being 
provided  with  a  calcium  chloride  tube  at  its  upper  end.  By 
means  of  the  drop-iunnel,  200  grams  of  bromine  (2  mols.) 
were  added  drop  by  drop  to  the  contents  of  the  flask,  the  lat- 
ter being  shaken  constantly.  Hydrobromic  acid  gas  was 
evolved  rapidly.  When  all  the  bromine  had  been  added,  the 
flask  with  its  contents,  which  had  been  kept  cold  with  ice- 
water,  was  packed  in  ice  for  twelve  hours.  Subsequently,  the 
very  viscous  reaction-product  was  poured  into  water  and  the 
resulting  highly  colored,  heavy  oil  was  extracted  with  ether. 
The  ethereal  solution  was  washed  with  sodium  hydroxide  and 
then  treated  with  sulphurous  acid  to  remove  the  iodine,  and 
finally  dried  over  calcium  chloride.  After  distilling  off  the 
ether,  the  residual  oil  was  distilled  in  a  vacuum.  It  prac- 
tically all  boiled  (93  to  96  per  cent  yield)  with  slight  decom- 
position at  246°,  47  mm.  pressure ;  at  224°,  22  mm.  pressure, 
or  213°,  16  mm.  pressure.  The  thick,  nearly  colorless,  oily 
distillate  readily  solidified  in  part  on  cooling.  The  semi-solid 
was  washed  at  the  filter-pump  with  cold,  low-boiling  ligroin, 
when  the  oily  isomers,  consisting  of  the  o,p-  and  probably  the 
o-dibrom  compounds,  dissolved,  together  with  a  considerable 
portion  of  the  crystalline  /-dibrom  compound,  which  was 
found  to  be  the  chief  reaction-product.     By  distilling  off  the 

1  Friedel  and  Balsohn  :  Bull.  soc.  chim.,  33,  339,  589  ;  Nef :  Ann.  Chem.  (I^ebig), 
apS,  232. 

*  Jackson  and  Field  :  This  Journal,  a,  10. 
3  Beilstein  :  Ann.  Chem.  (lyiebig),  143,  370. 

*  Friedel  and  Crafts:  Ann.  chim.  phys.  [6],  i,  478;  Nef:  Ann.  Chem.  (Liebig). 
398,  231 ;  Radiewanski :  Ber.  d.  chem.  Ges.,  ay,  3236. 
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ligroin  from  the  filtrate  and  treating  the  residual  oil  repeat- 
edly in  the  manner  above  described,  the  latter  compound  was 
largely  removed  from  the  mixture  and  was  obtained  perfectly 
pure  by  subsequent  recrystallizations  from  low-boiling  ligroin. 
It  was  not  found  possible  at  this  point  to  separate  the  /-dibrom 
compound  completely  from  its  oily  isomers,  nor  to  separate 
the  o,p-  and  the  c>-dibromdiphenylmethanes  from  each  other, 
yet  by  the  oxidation,  finally,  of  the  oily  mixture  to  the  corre- 
sponding ketones,  (CgH^Br),— C=0,  and  the  subsequent 
separation  of  these  by  crystallization,  the  character  of  the 
isomeric  products  was  established  (see  below). 

Paradibromdiphenylmethane,  whose  constitution  as  a 
/-compound  was  proved  by  its  conversion  into^-dibrombenzo- 
phenone  (see  below),  is  a  white,  crystalline  compound.  It  is 
very  soluble  in  ether,  alcohol,  benzene,  glacial  acetic  acid, 
acetone,  acetic  ether,  and  carbon  bisulphide.  It  is  difl5cultly 
soluble  in  cold,  low-boiling  ligroin  ;  hence  this  is  the  best 
solvent  for  its  purification.  After  recrystallizing  several 
times  and  subsequent  drying  in  a  vacuum  over  concentrated 
sulphuric  acid,  it  melts  sharply  at  64°. 

0.2025  gram  substance  gave  0.3568  gram  CO,  and  0.0635 
gram  H^O. 

0.2022  gram  substance  gave,  by  the  Carius  method,  0.2320 
gram  AgBr. 


Calculated  for 
(C6H4Br)2=CH2. 

Found. 

c 

H 

Br 

47-85 

3.06 

49.07 

48.04 

3-48 

49.08 

Paradibromdiphenylmethyl  Bromide,  (C6H^Br)2=CHBr. — 
This  compound  was  obtained  by  treating  /-dibromdiphenyl- 
methane  with  bromine  at  150°.^  The  process  was  carried  out 
with  an  apparatus  similar  to  the  one  already  described  for  the 
preparation  of  dibromdiphenylmethane.  To  /-dibromdi- 
phenylmethane,  heated  to  150°,  bromine  (slightly  more  than 
I  mol.)  was  added  drop  by  drop,  the  containing  flask  being 
constantly  shaken.     Hydrobromic  acid  gas  was  evolved  vigor- 

1  Friedel  and  Balsohn  :  Bull.  soc.  chim.,  33,  339. 
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ously,  and  when  all  the  bromine  had  been  added  the  reaction 
was  practically  over.  When  cold,  the  light-brown,  crystal- 
line mass  was  broken  up  and  water  was  added.  The  crystals 
were  filtered  off,  thoroughly  washed  with  water,  dried,  and 
then  purified  by  recrystallizing  from  ether,  or  from  ligroin,  or 
from  a  mixture  of  the  two. 

It  should  be  noted  here  that  the  mother-liquors  left  from 
the  purification  of  /-dibromdiphenylmethyl  bromide  invaria- 
bly gave  off  hydrobromic  acid  gas,  no  matter  how  carefully 
the  ether  or  ligroin  solution  had  been  freed  previously  from 
this  acid.  The  mother-liquors  also  always  deposited  crystals 
of  />-dibrombenzophenone,  (C6H^Br)2=:C=0  (m.  p.  172°  to 
173°).  These  crj'^stals,  which  are  long,  flat,  and  thin  (some- 
times in  plates),  with  obliquely  cut  ends,  possess  a  pearly  lus- 
ter, and  can  thus  readily  be  detected  among  the  fine,  needle- 
like crystals  of  />-dibromdiphenylmethyl  bromide.  They  can 
also  be  distinguished  from  the  bromide  crystals  by  the  fact 
that  they  give  no  reaction  with  concentrated  sulphuric  acid, 
while  the  latter  give  a  deep-red  color  with  this  reagent. 

Paradibromdiphenylmethyl  bromide  is  a  white,  crystalline 
compound,  very  soluble  in  alcohol  (by  which  it  is  slowly  de- 
composed), benzene,  and  chloroform;  less  soluble  in  ether 
and  ligroin.  Hence,  the  two  latter  solvents  are  best  used  for 
its  purification.     It  melts  at  106°  to  107°. 

0.2275  gram  substance  gave  0.3250  gram  CO2  and  0.0538 
gram  H3O. 

0.1940  gram  substance  gave,  by  the  Carius  method,  0.2680 
gram  AgBr. 


Calculated  for 
(C6H4Br)»=CHBr. 

Found. 

c 

H 

38.52 
2.22 

38.96 
2.62 

Br 

59.25 

59.09 

Paradibromdiphenylmethyl  bromide,  as  well  as  the  corre- 
sponding benzhydrol  derivatives,  gives  a  deep-red  color  with 
concentrated  sulphuric  acid.^  It  cannot  be  distilled  even  un- 
der diminished  pressure  because  of  its  very  low  point  of  dis- 
sociation.    On  heating  the  compound  to  165°  in  absence  of 

>  Nef  :  Ann.  Chem.  (Liebig),  398,  241. 
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air,  hydrobromic  acid  escapes  and  /-tetrabromtetraphenyl- 
ethylene,  (C6H,Br),=C=C:=(C6H,Br)3,  is  formed.  When 
heated  above  its  melting-point  in  a  stream  of  dry  air,  it  is 
largely  oxidized  to /-dibrombenzophenone,  (CgH^Br)j=C=0. 
If  treated  with  water  under  proper  conditions,  /-dibrombenz- 
hydrol  ether,  (CeH,Br),=CH— O— CH=(C,H,Br)„  is  pro- 
duced. Treatment  with  sodium  acetate  leads  to  the  forma- 
tion of /-dibrombenzhydrol  acetate, 

(C6H,Br),=  CH— O— CO— CH„ 

while  with  sodium  ethylate  or  with  ethyl  alcohol,  /-dibrom- 
benzhydrol  ethyl  ether, 

(C,H,Br),=CH-0-C,H„ 

results.  All  these  reactions  are  self-evident  from  the  stand- 
point of  a  methylene  dissociation.^ 

Two  attempts  to  isolate  /-dibromdiphenylmethylene  bro- 
mide, (C6H^Br)j=rCBrj,  through  treating  /"-dibromdiphenyl- 
methyl  bromide  with  bromine  (i  mol.)  at  150°,  were  unsuc- 
cessful. On  treating  the  reaction-product  with  water,  p-dX- 
brombenzophenone  (m.  p.  172°  to  173°)  was  obtained  quanti- 
tatively. Friedel  and  Balsohn*  report  that  they  were  unable 
to  purify  the  corresponding  diphenylmethane  dibromide, 
(C5H5)2=CBr2,  and  state  that  it  gave  benzophenone  when 
heated  to  150°  with  water.  Apparently,  /'-dibromdiphenyl- 
methylene  bromide  is  so  unstable  that  when  it  is  merely 
brought  into  contact  with  water  it  is  decomposed  in  an  anal- 
ogous manner. 

Paradibrombenzophenone ,  (CsH^Br)j=:CO. — This  compound 
was  repeatedly  produced  in  small  quantities  as  a  side-product 
in  the  experiments  on  /-dibromdiphenylmethane  and  its  de- 
rivatives. A  carbon  and  hydrogen  analysis  of  this  ketone 
was  carried  out  when  it  was  obtained  as  a  decomposition- 
product  through  heating  /'-dibrombenzhydrol  (see  below), 
and  it  was  analyzed  for  bromine  when  it  was  formed  as  a  de- 
composition-product   through    heating   /-dibrombenzhydrol 

1  Nef  :  Ibid.,  398,  231-241. 
»  BuU.  soc.  chim.,  33,  337-339- 
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ethyl  ether  (see  below).  The  results  of  these  analyses  are 
here  given  : 

0.2047  gram  substance  gave  0.3441  gram  CO,  and  0.0450 
gram  HjO. 

0.2690  gram  substance  gave,  by  the  Carius  method,  0.2967 
gram  AgBr. 


Calculated  for 

(CeH4Br)j=CO. 

Found. 

c 

45.88 

45-84 

H 

2.33 

2.44 

Br 

47-05 

47.18 

This  ketone  was  obtained  quantitatively  by  oxidation  of 
/-dibrombenzhydrol,  (C5H^Br)2=:CHOH,  by  means  of  chro- 
mic acid.  To  a  weighed  quantity  of  this  alcohol  (see  below) 
dissolved  in  glacial  acetic  acid,  the  calculated  quantity  of 
finely  powdered  potassium  bichromate  was  added  gradually, 
and  the  mixture  heated  for  some  time.  The  oxidation  was 
known  to  be  complete  when  a  drop  of  the  solution  no  longer 
gave  a  red  color  with  concentrated  sulphuric  acid.  On  addi- 
tion of  water,  a  crystalline  compound  was  precipitated,  which, 
when  filtered,  washed,  dried,  and  recrystallized  from  ligroin, 
showed  the  characteristic,  slender,  flat  crystals  which  have 
been  described  above.  It  melted  at  172°  to  173°,  and  it  gave 
no  red  color  with  concentrated  sulphuric  acid.  This  ketone 
was  likewise  quantitatively  produced  by  oxidizing  /"-dibrom- 
diphenylmethane  in  glacial  acetic  acid  solution  with  chromic 
acid. 

That  the  compound  produced  in  all  these  reactions  is/-di- 
brombenzophenone,  is  proved  by  its  identity  with^-dibrom- 
benzophenone  which  has  been  prepared  in  other  ways  by  E. 
Hofmann,^by  Schopf,'*  and  by  Cathcart.^  The  compound  ob- 
tained in  the  present  case  was,  furthermore,  converted  into 
the  oxime  (following  Schafer's*  method  for  the  preparation  of 
/-monobrombenzophenone  oxime),  and  a  compound  melting 
at  150°  to  152°  was  obtained.^     This  oxime,  when  crystallized 

1  Ann.  Chem.  (I,iebig),  264,  162. 

2  Ber.  d.  chem.  Ges.,  24,  3767. 
8  Ibid.,  as,  3302. 

*Ann.  Chem.  (Liebig),  264,  154- 

6  Cathcart :  Ber.  d.  chem.  Ges.,  25,  3202. 
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from  ligroin,  appeared  in  two  distinct  forms,  each  melting 
sharply  at  150°  to  152°.  One  modification  consisted  of  long, 
slender,  needle-like  crystals^  and  the  other  of  flat,  rhombic 
ones.  When  the  latter  were  redissolved  in  ligroin  and  the 
solution  "seeded"  with  the  needle-like  crystals,  all  of  the 
compound  was  obtained  in  the  form  of  needles,  with  the  melt- 
ing-point 150°  to  152°.  These  two  crystalline  forms  of  this 
oxime  have  not  been  previously  mentioned. 

When  ^^-dibrombenzophenone  was  reduced  in  acid  solution, 
some/-dibrombenzhydrol  (m.  p.  115°  to  116°)  was  obtained, 
and  also  a  crystalline  compound  (m.  p.  158°  to  161°),  which 
may  have  been  the  corresponding  pinacone,^  was  isolated,  but 
this  was  not  further  investigated. 

Orthoparadibrombenzophenone,  (C6H^Br)2=CO. — The  iso- 
meric dibromdiphenylraethanes  obtained  by  brominating  di- 
phenylmethane  at  a  low  temperature,  consist,  as  stated  above, 
of  about  70  per  cent  of  the  crystalline  />-dibrom  compound  ; 
about  27  per  cent  is  the  t? ./-compound,  while  the  remainder 
is  probably  the  c-dibrom  derivative.  This  was  proved  as 
follows  :  A  mixture  of  150  grams  of  the  oily  dibromdiphenyl- 
methanes,  from  which  the />-compound  had  been  removed  as 
completely  as  possible  in  the  manner  already  described,  was 
transformed  successively  in  a  manner  analogous  to  that  de- 
scribed for  the  conversion  of  /-dibromdiphenylmethane  into 
the  corresponding  bromides,  (C5H^Br)j=CHBr,  then  into  the 
acetates,  (CeH,Br),=  CH— O— CO— CH„  and  into  the  alco- 
hols, (CgH^Br)2=CH — OH.  As  none  of  these  compounds 
could  be  obtained  in  a  crystalline  condition,  the  alcohols  were 
finally  oxidized  to  the  corresponding  ketones  by  means  of 
chromic  acid  in  glacial  acetic  acid  solution.  Thus,  a  mix- 
ture of  90  grams  of  oily  ketones  was  obtained  from  which  7 
grams  of /»-dibrombenzophenone  (m,  p.  170°  to  172°)  separa- 
ted out  on  cooling.  These  oily  ketones  boiled  smoothly  at 
226°  and  14  mm.  pressure  ;  under  considerable  decomposition 
at  323°,  ordinary  pressure.  After  some  weeks'  standing  in  a 
cool  place,  a  crystalline  compound  (60  grams)  was  deposited 

1  Hofmann  :  Ann.  Chem.  (Liebig),  364,  164. 
8  Linnemann  :  Ibid.,  133,  27. 


454  Goldthwaite. 

slowly  and  was  separated  by  filtration.  This  compound, 
when  recrystallized  from  low- boiling  ligroin,  appeared  in 
groups  of  large,  flat  crystals  having  squarely  cut  ends,  and 
melted  at  50°  to  52°.  That  this  body  is  identical  with  o,/>-di- 
brombenzophenone  obtained  by  Heidenreich'  from  ^-brom- 
benzoyl  chloride  and  brombeuzene  in  presence  of  aluminium 
chloride,  was  proved  by  converting  a  portion  of  it  into  its 
oxime  (m.  p.  140°  to  142°)  ;  this  oxime  was  thereupon  con- 
verted into  the  corresponding  indoxazene  compound,  which 
crystallizes  in  white  needles  (m.  p.  132°  to  133°).  These 
transformations  were  carried  out  according  to  Heidenreich's 
method.  The  melting-points  and  other  properties  of  the 
compounds  produced  correspond  to  those  given  by  this  inves- 
tigator. 

A  bromine  determination  of  the  /!'-bromphenyl  indoxazene 
obtained  gave  the  following  figures  : 

0.1538  gram  substance  gave,  by  the  Carius  method,  0.1053 
gram  AgBr. 

Calculated  for 
CisHsBrNO.  Found. 

Br  29.19  29.25 

An  attempt  was  made  to  obtain  (7,/>-dibrombenzhydrol  by 
reducing  (7,/>-dibrombenzophenone  with  sodium  amalgam. 
The  experiment  was  carried  out  as  in  the  reduction  of  the 
/-dibrom  ketone,  but  instead  of  obtaining  the  (7,/>-dibrombenz- 
hydrol  sought,  a  partial  elimination  of  the  bromine  was  ef- 
fected. Through  a  quantitative  examination  of  the  solution 
in  which  the  reduction  had  been  carried  out,  it  was  proved 
that  1 1  per  cent  of  the  bromine  had  been  removed  from  the 
weight  of  <?,/>-dibrombenzophenone  used. 

It  seemed  probable  that  the  oil  from  which  the  c>,/>-dibrom- 
benzophenone  crystals  had  been  separated  must  be  the  corre- 
sponding <7-dibrom  ketone.  But  when  an  attempt  was  made 
to  form  its  oxime,  a  crystalline  compound  (2.7  grams  out  of  a 
possible  5.3  grams)  which  melted  at  140°  to  141°  was  ob- 
tained. This  body,  when  heated  with  sodium  ethylate  in  a 
sealed  tube,  gave  an  indoxazene  which  melted  at  128°  to  129°. 

J  Ber.  d.  chem.  Ges.,  37,  1453. 
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As  these  melting-points  correspond  so  closely  with  those  of 
<?,^-dibrombenzophenone  oxime  and  of  /^-bromphenyl  indox- 
azene,  respectively,  it  must  be  inferred  that  at  least  50  per 
cent  of  the  oil  consisted  of  f7,/>-dibrombenzophenone. 

Paratetrabromtetraphenylethylene, 
(CgH,Br),=rC=C=(C6H,Br),,— It   has   been   stated   already 
that  when  />-dibromdiphenylmethyl  bromide  is  heated  hydro- 
bromic  acid  escapes,  and  if  no  air  is  present  /^-tetrabromtetra- 
phenylethylene  is  formed  quantitatively,  as  follows  : 

2(C.H,Br),  :  CHBr     ^     2(C,H,Br),  :  c:: 

-f  2HBr     --*     (CeH.Br),  :  C  :  C  :  (C,H,Br),  +  2HBr. 

If,  however,  air  is  present,  the  methylene  derivative  may  be 
partially  or  entirely  oxidized  to  the  ketone  : 

(C,H,Br),  :  CHBr  -j-  O     — -     (CeH.Br)^  :  C^X 

+  O  +  HBr    —     (CgH.Br),  :  C  :  O  +  HBr. 

Thus,  when  a  stream  of  dry  air  was  drawn  through  molten 
/-dibromdiphenylmethyl  bromide,  not  more  than  half  the  re- 
sulting product  consisted  of  the  polymerized  ethylene  deriva- 
tive, while  the  remainder  was  /-dibrombenzophenone  (m.  p. 
172°  to  173°).  This  explains  why  solutions  containing /-di- 
bromdiphenylmethyl  bromide  oxidize  spontaneously  on  stand- 
ing at  the  ordinary  temperature,  with  loss  of  hydrobromic 
acid,  to  the  corresponding /-dibrombenzophenone. 

It  was  found  that  />-tetrabromtetraphenylethylene  was 
formed  most  smoothly  when/-dibiomdiphenylmethyl  bromide 
was  heated  in  a  distilling-bulb  so  arranged  that  a  stream  of 
dry  air  was  drawn  through  the  neck  and  arm  of  the  bulb,  but 
not  through  the  molten  bromide.  Under  these  conditions,  the 
bromide  begins  to  lose  hydrobromic  acid  gas  as  soon  as  the 
temperature  of  the  bath  reaches  165°.  The  temperature  was 
finally  raised  to  23o°-24o°  and  kept  there  for  some  hours. 
The  resulting  deeply  colored  residue  was  dissolved  in  benzene 
and  thoroughly  digested  with  animal  charcoal.  Finally  the 
benzene  was  distilled  off  and  the  residue  dissolved  in  hot 
alcohol ;  on  cooling,  tiny,  white,  needle-like  crystals  sepa- 
rated out.     The  presence  of  any  ^-dibrombenzophenone  was 
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readily  detected  by  examination  of  the  first  crystals  which 
appeared,  and  this  body  was  removed  mechanically  if  found. 
The  ethylene  derivative,  after  several  recrystallizations  from 
glacial  acetic  acid,  and  careful  drying  for  some  days  in  a 
vacuum  over  fused  caustic  potash,  melted  sharply  at  248°. 

0.2378  gram  substance  gave  0.4174  gram  CO2  and  0.0559 
gram  H^O. 


Calculated  for 

(C6H4Br),=C=C=(C8H4Br)s. 

Found. 

c 

48.14 

47.87 

H 

2.47 

2.61 

A  molecular  weight  determination  by  the  freezing-point 
method,  using  benzene  as  a  solvent,  gave  the  following  re- 
sults : 

I.  II. 

Weight  of  benzene  30  grams  30  grams 

"         "compound  0.2  no  grams         0.3810  grams 

Depression  of  freezing-point      o°.o55  o°.iio 

Molecular  weight  found         638.1  577-3 

"  "        calculated  for 

(CeH.Br),  :  C  :  C  :  (C^H^Br),  648 

An  attempt  to  form  the  corresponding  ethane  derivative 
through  reduction  of  this  ethylene  compound  by  means  of 
zinc  and  acetic  acid  was  unsuccessful.  The  original  ethylene 
compound  (m.  p.  248°)  was  entirely  recovered.  This  com- 
pound also  refuses  to  take  up  bromine. 

Paratetrabromtetraphenylethylene  is  possibly  also  one  of 
the  decomposition-products  of  /-dibrombenzhydrol  through 
heat  (see  below). 

Paradibrombenzhydrol  Acetate, 
(C6H,Br),=CH— O— CO— CH3.  —  When  ;J-dibromdiphenyl- 
methyl  bromide  is  treated  with  sodium  acetate  (1.5  mols.)  in 
glacial  acetic  acid  solution,  the  corresponding  ^-dibrombenz- 
hydrol  acetate  is  formed.^  Five  such  experiments  with  quan- 
tities of  the  bromide  varying  from  5  grams  to  23  grams  were 
carried  out,  and  in  each  case  nearly  quantitative  yields  were 
obtained  by  heating  only  a  few  minutes  on  an  asbestos  plate 
under  a  reflux  condenser  in  order  to  complete  the  reaction. 

1  Friedel  and  Balsohn  :  BuU.  soc.  chim.,  33,  338  ;  Vincent :  Ibid.,  35,  304. 
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On  addition  of  water,  an  oil  separated  out,  which  was  extracted 
with  ether,  washed  with  an  alkali,  and  dried  over  calcium 
chloride.  The  ether  was  distilled  off  and  the  oily  residue  was 
dissolved  in  hot  ligroin  ;  on  cooling,  very  short,  fine,  needle- 
like crystals,  which  melted  at  70°  to  72°,  were  obtained.  The 
compound  burned  with  some  difficulty  but  a  carbon  and  hy- 
drogen analysis  gave  the  following  results  : 

0.2077  gram  substance  gave  0.3532  gram  CO2  and  0.0645 
gram  HjO. 

Calculated  for 
(C6H4Br)2=CH— O— CO— CH3.  Found. 

C  46.87  46.38 

H  3.12  3.44 

Paradibrombeuzhydrol  acetate  is  very  soluble  in  most  or- 
ganic solvents,  but  less  so  in  low-boiling  ligroin.  With  con- 
centrated sulphuric  acid,  it  gives  the  characteristic  deep-red 
color  given  by  the  bromide  under  similar  conditions.  When 
heated  with  water  or  with  alcoholic  potash  it  gives  /-dibrom- 
benzhydrol. 

Paradibrombenzhydrol,  (CgH,Br)=CHOH. — This  compound- 
was  best  prepared  by  the  action  of  alcoholic  potash  (1.5 
mols.)  upon/>-dibrombenzhydrol  acetate.  The  reaction  was 
completed  in  the  cold  after  standing  a  few  hours,  or  on  heat- 
ing, in  a  few  minutes.  A  small  amount  of  /!>-dibrombenzo- 
phenone  usually  crystallized  out  from  this  alcoholic  solution 
and  was  separated  by  filtration.  The  alcoholic  filtrate,  when 
poured  into  water,  gave  a  fine,  white,  crystalline  precipitate 
of /-dibrombenzhydrol,  which  was  purified  by  recrystallizing 
from  a  mixture  of  ether  and  ligroin.  Very  long,  fine,  white 
needles,  melting  at  115°  to  116°,  were  obtained. 

0.2007  gram  substance  gave  0.3335  gram  COj  and  0.0574 
gram  H^O. 


Calculated  for 
(C«H4Br)2=CHOH. 

Found. 

c 

H 

45-61 

2.92 

45.32 
3-17 

Paradibrombenzhydrol  was  also  obtained  by  the  action  of 
water  in  slightly  diluted  acetic  acid  solution  upon  /-dibrom- 
benzhydrol  acetate. 
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Paradibrombenzhydrol  is  very  soluble  in  ether,  alcohol,  and 
acetic  acid,  but  very  little  soluble  in  ligroin.  When  ground 
in  an  agate  mortar,  it  shows  remarkable  electric  properties. 
With  concentrated  sulphuric  acid  it  gives  the  characteristic 
deep-red  color  already  mentioned.  When  treated  with  ethyl 
alcohol  in  presence  of  concentrated  sulphuric  acid,  ^-di- 
brombenzhydrol  ethyl  ether  is  formed,  while  with  benzene  in 
presence  of  the  same  acid,  ^-dibromtriphenylmethane  results. 
Both  of  these  compounds  will  be  described  below.  With 
oxidizing  agents,  /-dibrombenzophenone  is  produced. 

Paratetrabromtetraphenyleihane, 
(C6H,Br),=CH— CH=(C,H,Br),.— The  behavior  of  benzhy- 
drol  at  its  dissociation-point  (300°)  has  been  thoroughly  in- 
vestigated by  Nef.^  The  following  experiments  show  that 
when  /-dibrombenzhydrol  is  heated  to  its  dissociation-point 
(162°),  analogous  reactions  take  place,  except  that  in  one  case 
a  fair  amount  of  ^-tetrabromtetraphenylethylene  was  also  ob- 
tained. 

a.  Paradibrombenzhydrol  (4  grams),  when  heated  in  a  dis- 
tilling-bulb  in  a  metal-bath,  began  to  give  off  water  at  162°. 
The  temperature  of  the  bath  was  gradually  raised  to  250°, 
when  the  reaction  was  complete.  The  fused  mass,  on  heat- 
ing to  300°  for  five  minutes  longer,  grew  dark  in  color,  there- 
fore the  operation  was  discontinued.  The  mass  was  digested 
with  hot  benzene,  which  left  a  portion  insoluble  in  ether,  al- 
cohol, glacial  acetic  acid,  carbon  bisulphide,  acetic  ether, 
acetone,  chloroform,  carbon  tetrachloride,  but  soluble  in  hot 
nitrobenzene.  On  recrystallizing  from  this  solvent,  a  com- 
pound (1,5  grams),  which  melted  above  300°  and  which  gave 
no  color-reaction  with  concentrated  sulphuric  acid,  was  ob- 
tained. An  analysis  proved  this  body  to  be />-tetrabromtetra- 
phenylethane. 

0.1 96 1  gram  substance  gave  0.3442  gram  CO,  and  0.0531 
gram  HjO. 

0.1938  gram  substance  gave,  by  the  Carius  method,  0,2224 
gram  AgBr. 

1  Ann.  Chem.  (Liebig),  ap8,  241- 
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Calculated  for 

(CtH4Br)2=CH— CH=  (CHiBr)  j. 

Found. 

c 

48.00 

47.87 

H 

2.77 

3-00 

Br 

49-23 

49.09 

On  examination,  the  benzene  solution,  decolorized  by  di- 
gesting with  animal  charcoal,  was  found  to  contain  a  crystal- 
line compound  little  soluble  in  alcohol,  from  which  it  was  re- 
crystallized  till  pure.  Glistening,  flat,  slender  crystals  (0.9 
gram),  which  melted  at  172°  to  173°,  were  obtained.  This 
compound,  through  its  properties  and  analysis  (see  above), 
was  proved  to  be  />-dibrombenzophenone. 

The  mother-liquors  left  from  recrystallizing  />-dibrombenzo- 
phenone  were  found  to  contain  a  small  amount  of  a  crystal- 
line compound  melting  at  85° — probably  a  mixture  of  p-di- 
bromdiphenylmethane  and  ^-dibrombenzophenone. 

b.  Paradibrombenzhydrol  (2  grams)  was  placed  in  a  dis- 
tilling-bulb  connected  with  a  U-tube,  and  a  stream  of  dry  air 
was  drawn  through  the  apparatus,  while  the  metal-bath  was 
heated  quickly  to  250°  and  kept  there  for  five  minutes. 
Water  condensed  in  the  delivery-tube  and  in  the  U-tube.  The 
white,  crystalline  residue  was  extracted  with  ether.  After 
adding  ligroin  and  distilling  off  the  ether,  hexagonal,  trans- 
parent crystals  of  />-dibrombenzhydrol  ether  (see  below), 
melting  at  150°  to  152°,  were  deposited. 

c.  Paradibrombenzhydrol  (5  grams)  was  heated  for  forty 
minutes  (bath  at  300°)  in  a  distilling-bulb  provided  with  a 
thermometer,  and  so  arranged  that  a  distillate  and  any  evolved 
gas  could  be  collected.  Water  distilled  off,  but  no  gas  was 
obtained.  The  crystalline  residue  was  completely  dissolved 
in  hot  benzene.  On  distilling  off  this  benzene  and  redissolv- 
ing  in  alcohol,  the  following  compounds  were  separated  by 
fractional  crystallization  :  /-Dibrombenzophenone  ( i  .5  grams) 
melting  at  172°  to  173°,  /-dibromdiphenylmethane  (0.4  gram) 
melting  at  63°  to  64°,  and  a  compound  (0.4  gram)  melting  at 
252°  to  254",  which.,  from  its  small,  needle-like  crystals,  its 
solubilities  and  its  melting-point  (though  this  was  slightly 
higher  than  that  given  above  for  the  pure  substance),  was 
thought  to  be/-tetrabromtetraphenylethylene. 
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d.  In  a  small  flask  through  which  a  stream  of  dry  carbon 
dioxide  was  constantly  drawn  and  which  was  arranged  under 
a  reflux  condenser,  />-dibrombenzhydrol  (5  grams)  was 
heated  to  300°  for  eight  hours.  The  resulting  crystalline  resi- 
due was  nearly  all  dissolved  in  hot  alcohol,  and  from  this 
solution  the  following  compounds  were  separated  by  fractional 
crystallization  :  />-Dibrombenzophenone  (0.6  gram)  melting 
at  172°  to  173°,  a  trace  of  the  body  described  under  c,  melting 
at  250°  to  254°,  also  mixtures  melting  from  120°  to  170°,  from 
170°  to  230°,  from  160°  to  164°.  The  small  residue  insoluble 
in  alcohol,  left  in  the  bulb,  melted  at  275°,  but  there  was  not 
a  sufl&cient  amount  for  further  purification.  It  is  probable 
that/»-dibrombenzophenone,/>-dibrombenzhydrol  ether,  possi- 
bly /-tetrabromtetraphenylethylene,  and  the  corresponding 
ethane  derivative  were  present  in  these  mixtures,  but  this  was 
not  proved. 

Paradibrombenzhydrol  Ether ^ 
(C6H,Br),=:CH— O— CH=(CeH,Br),.— The  experiments  just 
described  prove  that  when  /^-dibrombenzhydrol  is  heated, 
/•-dibrombenzhydrol  ether  is  first  formed,  but  since  this  ether 
has  a  dissociation-point  only  very  slightly  higher  than  its 
alcohol,  it  cannot,  therefore,  be  isolated  in  quantity  by  this 
process.  The  best  method  for  the  preparation  of  this  com- 
pound is  to  heat  ^-dibromdiphenylmethyl  bromide  with 
water. ^  Five  grams  of  the  bromide  with  20  cc.  of  water  and 
the  amount  of  calcium  carbonate  necessary  to  destroy  the  hy- 
drobromic  acid  formed,  were  heated  in  a  sealed  tube  at  120° 
for  twenty  hours.  The  residue,  which  was  insoluble  in  water, 
was  recrystallized  from  low-boiling  ligroin.  Two  compounds 
crystallized  out,  and  these  were  separated  mechanically. 
One  (3.35  grams)  consisted  of  masses  of  short  crystals  radia- 
ting from  a  center  and  melting  at  148°  to  150° ;  the  other  (0.2 
gram  consisted  of  the  long,  slender,  flat  crystals  of  /(-dibrom- 
benzophenone,  melting  at  172  to  173°.  On  recrystallizing  the 
main  reaction-product  from  ligroin,  and  finally  from  alcohol, 
it  melted  at  155°  to  156°. 

'  Nef  :  Ann.  Chem.  (L,iebig),  apS,  232. 
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0.2248  gram  substance  gave  0.3834  gram  COj  and  0.0577 
gram  H,0. 

0.2152  gram  substance  gave,  by  the  Carius  method,  0.2426 
gram  AgBr. 

Calculated  for 
(C«H4Br)2=CH— 0-CH=(C6H4Br)2.  Found. 

C  46.84  46.51 

H  2.70  2.85 

Br  48.04  48.18 

Paradibrombenzhydrol  ether  is  extremely  soluble  in  ben- 
zene and  in  chloroform  ;  less  so  in  alcohol,  ether,  and  ligroin. 
It  gives  a  deep-red  color  with  concentrated  sulphuric  acid. 
That  it  is  not  acted  upon  by  boiling  with  alcohol  was  proved 
by  heating  it  (i  gram)  with  alcohol  (15  cc.)  in  a  sealed  tube 
at  100°  for  thirty  hours.  The  compound  was  entirely  recov- 
ered unchanged.  On  the  other  hand,  heating  with  acetic 
acid,  very  readily  converts  it,  as  well  as  the  corresponding 
/-dibrombenzhydrol,  into^-dibrombenzhydrol  acetate — a  fact 
which,  in  view  of  the  low  point  of  dissociation  of  both  this 
ether  and  its  alcohol,  is  easily  understood. 

Paradibrombenzhydrol  Ethyl  Ether ^ 
(C6H^Br)j=CH— O— CjH,.— This  compound  was  formed  by 
allowing  an  alcoholic  solution  of  /-dibromdiphenylmethyl 
bromide  to  stand  in  the  cold ;  but  the  bromide,  in  the  presence 
of  a  molecular  quantity  of  cold  alcoholic  sodium  ethylate  re- 
acted almost  instantly.  To  insure  complete  reaction,  the 
mixture  was  heated  a  short  time';  on  pouring  it  into  water, 
an  oil  separated  out  which  was  extracted  with  ether.  This 
was  well  washed  and  then  dried  over  calcium  chloride.  After 
distilling  off  the  ether,  the  residual  oil,  when  distilled  in  a 
stream  of  carbon  dioxide,  boiled  at  228°  at  16  mm.  pressure. 
All  attempts  to  distil  this  oil  in  presence  of  air,  even  under 
diminished  pressure,  resulted  in  the  formation  of  some^-di- 
brombenzophenone. 

0.2642  gram  substance  gave  0.4685  gram  CO,  and  0.0967 
gram  H,0. 

0.3650  gram  substance  gave,  by  the  Carius  method,  0.3692 
gram  AgBr. 
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Calculated  for 
(CgH4Br)a=CH-0-C2H5.  Found. 

C  48.64  48.36 

H  3.78  4.06 

Br  43.24  43.25 

Paradibrombenzhydrol  ethyl  ether  is  a  thick,  colorless  oil 
with  a  characteristic,  not  unpleasant,  odor.  With  concentra- 
ted sulphuric  acid  it  gives  a  deep-red  color. 

That/>-dibrombenzhydrol  ethyl  ether  can  also  be  obtained 
from  />-dibrombenzhydrol  or  its  corresponding  ether,  by  means 
of  ethyl  alcohol  and  concentrated  sulphuric  acid,  was  proved 
by  experiment.  This  reaction  is  self-evident,  in  view  of  the 
experiments  of  Linnemann^  and  Nef,^  and  in  view  of  the  low 
dissociation-point  of  these  substances. 

Behavior  of  p-Dibrombenzhydrol  Ethyl  Ether  on  Heating. — 
Paradibrombenzhydrol  ethyl  ether  has  a  low  dissociation- 
point.  It  breaks  down  at  300°  into  ethyl  alcohol,  ethylene 
(?),  /-dibrombenzophenone,  and  />-dibromdiphenylmethane. 
The  ether  (6.5  grams),  placed  in  a  small  distilling-bulb 
which  was  connected  with  a  second  distilling-bulb  (receiver) 
and  an  azotometer,  was  heated  in  a  metal-bath  to  300°  for 
three  hours,  when  the  reaction  was  complete.  A  small 
amount  of  liquid  (b.  p.  110°)  distilled  into  the  receiver,  and 
at  the  same  time  120  cc.  of  gas  were  collected  in  the  azotome- 
ter. This  gas,  which  burned  with  a  smoky  flame,  was  proba- 
bly ethylene.  The  distillate  separated  into  two  layers,  one,  a 
a  thin  liquid,  which,  when  redistilled,  came  over  between 
65°  to  78°  and  gave  the  iodoform  test,  and  was,  therefore, 
probably  ethyl  alcohol ;  the  other,  an  oil  which  had  a  winter- 
green  odor  and  which  completely  decomposed  when  an  attempt 
was  made  to  redistil  it.  The  highly-colored  crystalline  resi- 
due left  in  the  distilling-bulb  was  dissolved  entirely  in  ben- 
zene and  the  solution  was  decolorized  by  digesting  with  ani- 
mal charcoal.  After  distilling  off  the  benzene,  the  residue 
was  dissolved  in  alcohol.  From  this  solution  /^-dibrombenzo- 
phenone  (2  grams),  melting  at  172°  to  173°,  and  /J-dibromdi- 
phenylmethane  (0.6  gram),  melting  at  62°  to  64°,  were  sepa- 

1  Ann.  Chem.  (lyiebig),  133,  17. 
=  Ibid.,  398,  255. 
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rated  by  fractional  distillation ;  the  melting-points  are  those 
obtained  after  recrystallizing  from  low-boiling  ligroin. 

The  result  of  a  bromine  determination  of  the  />-dibrom- 
benzophenone  here  obtained  has  been  given  above. 

Paradibromtriphenylinethane^       (C5H^Br)2=CH — CgHg.  

Paradibrombenzhydrol,  treated  with  benzene  and  concentra- 
ted sulphuric  acid,  gives  /-dibromtriphenylmethane.^  A 
solution  of /-dibrombenzhydrol  (3  grams)  in  benzene  (50  cc.) 
was  treated  with  concentrated  sulphuric  acid  (15  cc.)-  After 
standing  twelve  hours  in  the  cold,  the  highly-colored  benzene 
solution  was  decanted  from  the  acid,  well  washed,  and  then 
dried  over  calcium  chloride.  On  distilling  off  the  benzene,  a 
thick  oil  with  a  yellowish-green  fluorescence  was  left.  It 
solidified  at  the  end  of  ten  days.  The  compound  distilled 
without  decomposition  at  260°,  15  mm.  pressure.,  but  still 
showed  a  yellowish-green  fluorescence.  It  was  found  to  be 
remarkably  soluble  in  all  organic  solvents,  but  was  finally 
purified  by  dissolving  in  alcohol  and  digesting  repeatedly 
with  animal  charcoal.  The  alcoholic  solution  gave,  on  add- 
ing water,  nearly  a  gram  of  a  compound  crystallizing  in  very 
fine,  almost  white,  needles,  and  melting  sharply  at  100°. 

0.2 141  gram  substance  gave  0.4426  gram  COj  and  0.0687 
gram  HjO. 

0.1980  gram  substance  gave,  by  the  Carius  method,  0.1850 
gram  AgBr. 

Calculated  for 
(C6H4Br)2=CH-CgH5.  Found. 

C  56.71  56.38 

H  3.48  3.56 

Br  39.80  39.94 

PART   II. 

On   Bromcyanacetic  Ether,  /^V       >  ^^^  ^^^  Conver- 

COOR/     ^Br 
sion  by  Loss  of  Hydrohromic  Acid  into  Dimolecular  or 
Trimolecular  Cyanmethylenecarboxylic  Ether, 
CN— C— COOR 


COOR— C— CN 


The  main  results  of  this  work  on  bromcyanacetic  ether  have 

»  Nef  :  Ann.  Chem.  (Liebig),  398,  254. 
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already  been  tabulated  briefly  by  Nef.^  It  has  since  been 
sharply  proved  by  him*  that  all  primary  and  secondary  alkyl 
haloids  react  with  various  reagents  because  they  are  partially 
dissociated,  i.  e.,  alkylidene  and  HX  particles  are  present, 
and  the  speed  of  the  reaction^  of  alkyl  haloids  depends  solely 
upon  the  number  of  such  dissociated  particles  present  at  a 
given  temperature.  Thus,  /-dibromdiphenylmethyl  bromide, 
whose  dissociation-point  lies  at  about  165',  reacts  instantly 
with  alcoholic  sodium  ethylate,  or  slowly  with  alcohol,  in  the 
cold,  whereas  ethyl  iodide,  dissociation-point  about  450°,  re- 
acts very  slowly  with  alcoholic  sodium  ethylate  in  the  cold 
and  not  at  all  with  alcohol  alone  at  100°.  At  150°,  however, 
ethyl  ether  is  formed. 

There  are  some  substituted  alkyl  haloids,  however,  as 
pointed  out  by  Nef,*  which  show  a  very  peculiar  behavior 
when  treated  with  alcoholic  sodium  ethylate  or  other  so-called 
double  decomposition  reagents.  Thus,  o-  and  /"-nitrobenzyl 
chloride  give,  in  marked  contrast  to  benzyl  chloride,  by  treat- 
ment with  alcoholic  potash  (or  sodium  ethylate)  no  trace  of  an 
ether,  NO,— C^H,— CH,— O— C^H^  (or  only  small  amounts), » 
but  quantitative  or  relatively  large  amounts  of  the  stilbene  de- 
rivatives, o-and/-NO  — QH  — CH=CH— CeH,— NO,.  Brom- 

benzyl  cyanide,  )C<.        ,   gives,  on  similar  treatment, 

CN/      \Br 

dicyanstilbene,  >C:=C<f 

CN/  ^CN 

These  results  can  only  be  understood,  as  pointed  out  by 
Nef,  on  the  basis  that  the  methylene  residues,  which  become 
free  when  HX  is  removed  by  the  alkali, 

NO— C.H— CHH:     or  >Cn:, 

CN/ 

1  Ann.  Chem.  (Liebig),  298,  258. 

3  Ibid.,  309,  126;  318,  316. 

3  In  this  way  I  believe  the  percentage  of  dissociation  at  various  temperatures 
may  be  determined  as  accurately  as  the  percentage  of  ionization  of  electrolytes  by 
the  conductivity  method.  J-  U.  Nbf. 

*  Ann.  Chem.  (Liebig),  398,  229,  257-260. 

6  Thiele :  Ibid.,  305,  103. 
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in  these  cases  unite,  in  part  or  entirely,  with  each  other  to  give 
the  olefine  derivatives  mentioned  above  ;  whereas,  ordinarily, 
the  alkylidene  residues  absorb  the  reagent  (alcohol,  etc.)  set 
free,  or  present  as  such,  to  give  an  addition-product, 

'>C:::  +  HO-C,H,     ^         ^C^'  ,  etc. 

R/  R/     ^0— C.H^ 

Bromcyanacetic  ether  is  another  such  compound.  It  gives, 
as  will  be  seen  from  what  follows,  on  treatment  with  sodium, 
aniline,  the  sodium  salts  of  malonic  ether,  and  of  cyan-  and 
acetoacetic  ether,  a  large  amount  (up  to  67  per  cent)  of  a 
crystalline  compound  (m.  p.  120°  to  122°),  which,  in  view  of 
the  facts  tabulated  above,  would  naturally  be  regarded  as 
dicyanfumaric   ether,    i.   e.,  dimolecular   cyanmethylenecar- 

CNv  /COOR 

boxylic  ether,  J>C=C<(^ 

COOR/  \CN 

In  1900,  Krrara  and  Perciabosco^  published  a  paper  on  the 
action  of  halogens  on  sodium  cyanacetic  ether.  They  found 
that  this  ether  is  converted  by  iodine,  or  bromine,  into  a  crystal- 
line compound  melting  at  1 19°,  and  they  also  obtained  the  same 
compound  through  the  action  of  sodium  cyanacetic  ether  upon 
bromcyanacetic  ether.  The  compound  is  obviously  identical 
with  that  mentioned  above  and  obtained  in  various  ways,  as  in- 
dicated, from  bromcyanacetic  ether.  These  observers  consider 
that  the  compound  under  discussion  is  tricyantrimethylene- 
CNv        /COOR 

\c/ 

tricarboxylic  ether,  _^C C^  ,  z.  ^. ,  trimolec- 

coor/  \coor 

/       CN.  \ 

ular  cyanmethylenecarboxylic  ester,  [  /CH^    I  ,    and 

\COOR/         J, 

this  is  very  probable  because  of  its  conversion  by  saponifica- 
tion and  subsequent  loss  of  carbon  dioxide''  into  known  tri- 
methylene  tri-  and   tetracarboxylic    acids.     They  also   give 

1  Ber.  d.  chem.  Ges.,  33,  2978. 

'  Scacherl  :  Ann.  Chem.  (I,iebig),  329,  89;  Biichner  :  Ibid.,  284,  197. 


466  Goldthwaite. 

molecular  weight  determinations  confirming  this  conclusion — 
which,  however,  are  to  be  regarded  as  uncertain^  (see  below). 
Finally,  it  should  be  mentioned  that  Thorpe  and  Young* 
have  recently  obtained  a  crystalline  substance,  melting  at  120°, 
from  sodium  cyanacetic  ether  and  iodine,  to  which  they  give 

CN\  /CN 

the  formula  ^CH— CH<^  .      This  is  obviously 

COOR'^  ^COOR 

identical  with  the  dimolecular  or  trimolecular  cyanmethylene- 
carboxylic  ester  under  discussion.  The  analytical  data  given 
by  Thorpe  and  Young  must  therefore  be  erroneous. 

Preparation  of  Bromcyanacetic  Ether. — This  compound  was 
prepared  by  adding  bromine  (i  mol.)  slowly  to  cyanacetic 
ether  which  was  heated  in  a  bath  at  150°,  care  being  taken  to 
avoid  access  of  moisture.  The  crude  reaction-product  was 
distilled  directly  under  reduced  pressure.  A  60  to  75  per 
cent  yield  was  obtained. 

Bromcyanacetic  ether  is  a  colorless  oil  with  a  somewhat 
piercing  odor,  boiling  at  110°  to  112°,  at  18  mm.  pressure,  and 
between  195°  to  200°  at  ordinary  pressure,  but  with  consid- 
erable decomposition.  Treated  with  aqueous  iodide  of  potas- 
sium, iodine  is  at  once  set  free  in  the  cold— a  reaction  fre- 
quently used  as  a  test  for  this  compound. 

0.3348  gram  substance  gave  0.3839  gram  CO,  and  0.0940 
gram  H3O. 

1  Should  further  investigations,  which  I  intend  to  make  in  the  near  future,  con 
firm  the  formula  of  Errara  and  Perciabosco,  it  should  be  emphasized  that  this  is  one 
of  the  few  instances  yet  known  in  which  a  methylene  derivative  polymerizes  to  a 
trimolecular  modification  (cf.  polymeric  fulminic  acid,  Ann.  Chem.  (Liebig:),  a8o 
316).  Azulmic  acid,  (CNH);^,  the  polymerized  isocyanides,  (RNC);^,  the  polymeric 
phenyl-  and  diphenylmcthylenes,  (CsHsCH);^,  [(C«H6)2C];c,  are  unquestionably  all 
very  complex  polymers.  Finally,  I  have  on  the  basis  of  my  bivalent  carbon  work 
for  the  past  eight  years,  given  in  my  lectures  (cf.  also  Ann.  Chem.  (Liebig),  apS, 
215,  313J  the  following  very  probable  formulas  to  potassium  ferri-  and  ferrocyanide, 
respectively  : 

K— N=C>. 
K— N=C=C=N  I  >C=N 

\  K— N=C/  \ 

K— N=C=C=N— Fe  Fe. 

/  K-N=Cv  / 

K-N=C=C=N  I  >C=N 

K— N=C/ 

J.  U.  Nbf. 
«  J.  Chem.  Soc.  (Ivondon),  77,  937. 
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0.3228  gram  substance  gave  21  cc.  N  at  18°  and  743.7  mm. 
pressure. 

0.1976  gram  substance  gave,  by  the  Carius  method,  0.1923 
gram  AgBr. 


Calculated  for 
CBHsNOsBr. 

Found. 

c 

H 

31.25 
3.12 

31.26 
3.II 

N 
Br 

7.29 
41.66 

7-39 
41.41 

Conversion  of  Bromcyanacetic  Ether  into  Di-  or  Tri-molecular 
Cyanmethylenecarboxylic  Ester. 

a.  By  Means  of  Sodium. — Bromcyanacetic  ether  in  benzene 
(or  ethereal)  solution  reacted  at  once  in  the  cold  when  treated 
with  sodium  (i  or  2  mols.)  in  the  form  of  fine  wire.  On  di- 
gesting the  salt  residue  with  hot  benzene  the  benzene  filtrates 
gave,  on  concentration  and  cooling,  a  60  per  cent  yield  of 
polymeric  cyanmethylenecarboxylic  ether,  melting  at  120°  to 

I24^ 

0.2193  gram  substance  gave  0.4325  gram  CO,  and  0.0905 
gram  H,0. 

0.2058  gram  substance  gave  0.4024  gram  CO,  and  0.0871 
gram  H,0. 

0.2008  gram  substance  gave  22.5  cc.  N  at  17°  and  747.5 
mm.  pressure. 


Calculated  for 
VCOOR'^  )i 


c  5405  53.78  53.32 

H                    4.50                     4.58                 4.70 
N  12.61  12.82  

h.  By  Means  of  Sodium  Cyanacetic  Ether. — Five  grams  of 
sodium  cyanacetic  ether,  suspended  in  absolute  ether,  were 
slowly  treated  in  the  cold  with  an  ethereal  solution  of  7.1 
grams  (i  mol.)  of  bromcyanacetic  ether  and  the  mixture 
finally  heated  for  four  hours  under  a  reflux  condenser.  Three 
and  two-tenths  grams  of  cyanacetic  ether  (80  per  cent  of  the 
theory)  boiling  at  204°,  and  2.7  grams  of  cyanmethylenecar- 
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boxylic  ether  (67  per  cent  yield),  melting  at  120°  to  122° 
were  obtained  as  reaction-products  : 

H.       /CN  NaO— C— OR 

3     >C<  +3  II  — 

Br/     ^COOR  HC— CN 


\coor/  "y. 


CN 
+  3NaBr  +  3H,C<f 

^COOR 


c.  By  Means  of  Sodium  Acetoacetic  Ether  and  of  Sodium  Ma- 
lonic  Ether. — These  reactions  were  not  carried  out  quantita- 
tively and  therefore  need  repetition.  The  operations  took 
place  in  absolute  ethereal  solutions  and  were  accomplished, 
especially  in  the  latter  case,  with  considerable  evolution  of 
heat.  In  the  first  case  the  formation  of  much  free  acetoacetic 
ether,  as  well  as  of  polymeric  cyanmethylenecarboxylic  ester 
(40  per  cent  yield),  melting  at  120°  to  122°,  was  unquestion- 
ably established.  In  the  latter  case,  some  of  the  polymeric 
methylene  derivative  (7  per  cent)  melting  at  120°  was  isola- 
ted. Besides  this  a  small  amount  of  a  crystalline  compound, 
volatile  with  steam  and  melting  at  45°  to  47°,  which  may  pos- 

CNv  /COOR 

sibly  be  ^CH— CH/  was  obtained. 

coor/  ^COOR 

d.  By  Means  of  Aniline, — Bromcyanacetic  ether  and  aniline 
(1.5  mols.),  in  ethereal  solution,  reacted  on  each  other  in  the 
cold.  After  standing  forty-eight  hours,  a  yield  of  25  per  cent 
of  the  theoretical  amount  of  polymerized  cyanmethylenecar- 
boxylic ester  (119°  to  120°)  was  obtained.  The  other  prod- 
ucts formed,  besides  phenylammonium  bromide,  were  a  sub- 
stance with  odor  of  bromcyanogen,  and  a  crystalline  com- 
pound melting  at  57°.     The  latter  may  possibly  be  the  anilido 

C,H-NH.         .CN 
derivative,  /C\ 

H/      ^COOC^H^ 

Properties  of  Di-  or  Trimolecular  Cyanmethylenecarboxylic 
Ester. — The  crystalline  substance  formed  in  all  the  reactions 
discussed  above  melts,  when  thoroughly  purified  by  crystal- 
lizing from  benzene,  at  122°.     It  is  very  sparingly  soluble  in 
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cold  ether  and  ligroin,  and  quite  soluble  in  chloroform  and 
hot  benzene.  Acetone,  acetic  ether,  and  especially  hot  alco- 
hol, dissolve  it  freely,  but  gradually  act  upon  it.  The  molec- 
ular weight  determinations  by  the  freezing-point  method  in 
benzene,  given  by  Errara  and  Perciabosco,^  agree  with  the 

trimolecular  formula    (  /CJI^    1     (theory  =  333). 


\cooc,h/  "/, 


These  determinations  were  repeated  with  the  following  results, 
which  agree  better  with  the  dimolecular  formula  (222),  and 
which  prove  that  Errara  and  Perciabosco  worked  in  one  case 
with  a  supersaturated  solution  : 


1. 
Weight  of  substance                  0,0963  gram 

"  benzene                   i7-43i3      " 
Depression  of  freezing-point     0°.  1 20 
Molecular  weight  found         225 

11. 
0,1381  gram 
26,5160      " 
o°.ii6 
220 

III. 
Weight  of  substance                   0,2550  gram 

"        "  benzene                     26.5160      " 
Depression  of  freezing-point      0°,  1 82 
Molecular  weight  found          258 

IV. 

0,3586  gram 
30,6115      " 
o°.i8o 
317 

Determinations  I.  and  II,  only  are  reliable,  since  solutions 
III.  and  IV.  were  proved  to  be  supersaturated  as  follows : 
Solution  III.  was  cooled  to  its  freezing-point  and  maintained 
at  this  temperature  (as  indicated  by  a  Beckmann  thermome- 
ter) for  ten  minutes.  Thereupon,  10  cc.  of  the  supernatant 
liquid  were  transferred  to  a  weighed  dish  and  the  following 
results  obtained  by  evaporation  to  dryness.  Volume  of  solu- 
tion =  10  cc.  ;  sp.  gr.  of  benzene  at  5°  =  0.8885  ;  weight  of 
benzene  used  =  8.885  grams;  weight  of  solid  residue  = 
0.0826  gram.  From  these  data  it  is  clear  that  0.0092  gram  of 
substance  dissolve  in  i  gram  of  benzene  at  5°.  In  one  of  the 
molecular  weight  determinations  given  by  Errara  and  Percia- 
bosco, 0.01157  gram  of  substance  to  i  gram  of  benzene  were 
used,  therefore  the  solution  in  this  case  was  supersatuyated. 
In  the  other  molecular  weight  determination  given  by  them 
an  exactly  saturated  solution  was  used. 

I  Ber.  d.  chem.  Ge».,  33,  29S1. 
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In  view  of  these  data,  molecular  weight  determinations 
were  carried  out  by  the  boiling-point  method,  using  McCoy's 
apparatus,^  and  the  following  very  curious  results  were  ob- 
tained : 


Weight  of  substance 
Volume  of  benzene 
Elevation  of  boiling-point 
Molecular  weight  found 

I. 
0.5088  gram 
18  cc. 

0°.2I0 
441 

II. 
0.6042  gram 
24.1  cc. 
o°.i90 
443 

Weight  of  substance 
Volume  of  benzene 
Elevation  of  boiling-point 
Molecular  weight  found 

III. 

0.6042  gram 
26  cc. 

o°.i55 
491 

IV. 

0.5676  gram 
23.7  cc. 
o°.i6i 
490 

The  only  experimental  evidence,  therefore,  which  exists  at 
present  in  favor  of  Errara  and  Perciabosco's  trimolecular  for- 
mula is  the  conversion  of  the  compound  by  saponification  and 
subsequent  loss  of  carbon  dioxide  into  known  trimethylene 
derivatives  as  mentioned  above. 

In  conclusion,  the  writer  wishes  to  express  her  most  grateful 
appreciation  to  Dr.  Nef  for  his  kindness,  for  his  numerous 
suggestions,  and  for  the  unvarying  patience  and  constant  in- 
terest with  which  he  followed  the  progress  of  this  work. 


Contribution  from  the  New  York  Agricultural  Experiment  Station. 

THE  STATUS  OF  PHOSPHORUS  IN  CERTAIN  FOOD 

MATERIALS  AND  ANIMAE   BY-PRODUCTS, 

WITH  SPECIAL  REFERENCE  TO  THE 

PRESENCE    OF    INORGANIC 

FORMS. 

By  E.  B.  Hart  and  W.  H.  Andrews. 

The  following  research  forms  part  of  and  is  preliminary  to 
an  extended  investigation  to  be  carried  on  at  this  station  un- 
der the  direction  of  Dr.  W.  H.  Jordan  on  the  metabolism  of 
phosphorus  and  sulphur  in  the  animal  body. 

It  is  quite  generally  believed  that  phosphorus  exists  in 
plant  substances,  partly  in  organic  combinations  as  nucleo- 

1  This  Journal,  23,  353. 
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proteids,  nucleins  and  lecithins,  and  partly  in  inorganic 
forms,  such  as  calcium,  magnesium,^  and  potassium  phos- 
phates. It  is  not  difficult  to  understand  how  this  view  of  the 
occurrence  of  phosphorus  in  vegetable  tissue  originated,  since 
inorganic  combinations  form  the  basis  of  supply  to  the  grow- 
ing plant  and  since  it  is  in  the  ash  that  we  have  chiefly 
studied  the  kinds  and  proportions  of  the  inorganic  plant  con- 
stituents. Starting  with  the  assumption  that  a  considerable 
proportion  of  the  phosphorus  in  animal  and  human  vegetable 
foods  is  inorganic  in  form,  our  efforts  have  been  directed  to- 
wards the  elaboration  of  a  method  for  separating  and  quanti- 
tatively estimating,  at  least  approximately,  this  form  of  phos- 
phorus in  vegetable  and  animal  feeding-stuffs. 

It  was  also  thought  that  should  the  ratio  of  organic  to  inor- 
ganic phosphorus  vary  greatly  in  the  different  vegetable  prod- 
ucts, this  fact  might  be  made  the  basis  of  investigations  as  to 
the  relative  nutritive  value  of  these  products  for  specific  pur- 
poses. 

Such  investigations  could  be  undertaken,  however,  only 
after  the  evolution  of  a  fairly  safe  method  for  the  separation  of 
inorganic  from  organic  phosphorus. 

Total  Phosphorus. 

Before  taking  up  the  experimental  details  of  the  estimates 
of  inorganic  phosphorus,  determinations  of  total  phosphorus 
were  made  on  a  number  of  vegetable  and  animal  products  by 
both  the  magnesium  nitrate  and  the  Neumann  methods.  The 
Neumann  method  was  tried  particularly  because  it  is  con- 
venient for  use  on  large  volumes  of  liquids,  a  condition  which 
must  be  met  in  the  separations  involved  in  this  inquiry. 

Magnesium  Nitrate  Method. — This  method  is  essentially  the 
same  as  that  used  by  the  Association  of  Ofl&cial  Agricultural 
Chemists  :^  Five  grams  of  material  were  well  mixed  in  a 
platinum  dish  with  2  to  4  cc.  of  a  solution  of  magnesium  ni- 
trate and  incinerated  at  a  low  heat.  In  most  cases  a  perfectly 
white  ash  was  obtained.     This  residue  was  dissolved  in  dilute 

1  Sherman  :  U.  S.  Dept.  Agr.,  Bull.  121. 

*  Bull.  46,  Revised  Edition,  Bureau  Chem.,  Dept.  of  Agr. 
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hydrochloric  acid,  made  up  to  200  cc,  an  aliquot  being  taken 
for  the  estimation  of  total  phosphorous. 

Neuma7in  Method. — This  is  the  method  described  by  Neu- 
mann' and  already  used  by  Sherman  :^  Five  grams  of  ma- 
terial were  placed  in  a  Kjeldahl  flask,  10  to  15  cc.  concentra- 
ted sulphuric  acid  were  added,  and  the  mixture  was  heated 
over  a  low  flame  until  well  charred.  When  partly  cooled,  5 
to  10  grams  of  ammonium  nitrate  were  added  and  the  diges- 
tion continued.  Further  additions  of  ammonium  nitrate  were 
made  from  time  to  time  to  entirely  oxidize  and  decolorize  the 
mixture.  On  cooling,  the  residue  was  rinsed  into  a  200  cc. 
flask,  diluted  to  the  mark,  and  an  aliquot  was  taken  for  the 
determination  of  total  phosphorus  by  the  molybdate-magne- 
sium  method.  The  large  amount  of  ammonium  sulphate 
formed  on  neutralizing  with  ammonia  seems  to  impede  the 
precipitation  of  ammonium  phosphomolybdate  and  only  when 
a  generous  excess  of  ammonium  molybdate  was  added — 150 
cc. — did  we  get  a  rapid  separation  of  the  yellow  precipitate. 
Table  I. 

Percentage  of  phosphorus  found  in  air-dry 
material. 
Substance.  Magnesium  nitrate  method.      Neumann  method. 

Corn  0.313  0.310 

Oats                                -     0.355  0.339 

Wheat  bran  1-548  1-537 

Malt  sprouts  0.677  0.670 

Brewer's  grains  0.421  0.419 

Distiller's  grains  0.307  0.303 

I/inseed  meal  0.789  0.787 

Oat  straw  0.135  0.129 

Alfalfa  0.266  0.267 

Meat  meal  4-073  3-97i 

Liver  meal  1-034  1.029 

Dried  blood  0.123  0.126 

Cow  feces  0.344  0.353 

The  two  methods  yield  practically  the  same  results. 

Separation  of  Organic  and  Inorganic  Phosphorus. 

Iwanow'  has  lately  studied  the  changes  occurring  in  the 

1  Dubois  Reymond's  Archiv.  (Physiol.  Abth.),  1897,  pp.  552-553. 

2  J.  Am.Chem.  Soc,  34,  1105  (1902). 
*  Ber.  d.  bot.  Ges.,  ao,  Heft  7  (190a). 
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organic  phosphorus  combinations  during  the  germination  of 
vetch  (  Vicia  sativa')  and  has  reached  the  conclusion  that  there 
is  a  gradual  decrease  of  organic  phosphorus  with  correspond- 
ing increase  of  the  inorganic  forms  as  germination  proceeds. 
The  seeds  were  germinated  in  the  dark.  The  method  of 
separation  used  by  Iwanow  was  as  follows  :  Five  to  seven 
grams  of  the  material  were  warmed  on  the  water-bath  ten  to 
fifteen  minutes  with  100  to  150  cc.  of  i  per  cent  acetic  acid. 
After  cooling,  the  precipitated  proteid  matter  was  separated 
by  filtration  through  a  small  flannel  filter  and  washed  with 
water  until  about  500  cc.  filtrate  had  been  collected.  For  the 
determination  of  the  inorganic  phosphorus,  an  aliquot  from  the 
500  cc.  was  taken  and  precipitated  directly  with  molybdate 
solution. 

Zaleski,^  working  independently  and  on  the  same  problem, 
evolved  an  almost  identical  method.  This  investigator 
recommends  the  use  of  either  a  i  per  cent  acetic  acid  or  0.2 
per  cent  hydrochloric  acid  solution  as  the  extracting  reagent. 
As  will  be  shown  later  in  both  of  these  methods,  the  cleavage 
action  on  soluble  nucleins  of  the  nitric  acid  contained  in  the 
molybdate  solution  is  not  sufl5ciently  taken  into  account.  It 
is  true  that  Zaleski  recommends  that  no  extra  nitric  acid  be 
added,  he  himself  using  only  the  ordinary  molybdate  solution. 

Kossel,^  working  on  muscle  extracts,  has  used  a  mixture  of 
tannin  and  5  per  cent  hydrochloric  acid  as  the  precipitant  of 
proteids  containing  phosphorus. 

Araki^  has  recently  used  this  method,  somewhat  modified, 
in  his  studies  of  the  decomposition  of  nucleic  acids  by  en- 
zymes. The  method  of  Araki  is  as  follows  :  Two  grams  of 
a  salt  of  nucleic  acid  were  dissolved  in  40  cc.  of  water  and  to 
this  the  enzyme  was  added.  This  solution  was  then  diluted 
with  an  equal  volume  of  water,  4  grams  of  sodium  acetate 
added,  and  tannin  so  long  as  a  precipitate  continued  to  be 
formed.  The  filtrate  from  this  precipitate,  according  to 
Araki,  should  contain  any  free  phosphoric  acid  split  off  by  the 

1  Ibid.,  ao,  Heft  7  (1902). 

2  Ztschr.  physiol.  Chem.,  7,  9  (1883). 
^Ibid.,  38,84  (1903). 
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action  of  the  enzyme.  In  our  hands,  as  we  shall  show  later, 
tannic  acid  in  dilute  mineral  acid  solution  and  tannic  acid 
with  sodium  acetate  both  fail  to  completely  precipitate  the 
soluble  nucleins  contained  in  certain  of  our  feeding-materials. 
We  do  not  assume  to  deny  the  accuracy  of  the  results  of  these 
authors,  recognizing  the  important  fact  that  the  constitution 
and  consequent  reaction  of  the  nucleic  acids  with  which  these 
investigators  worked  may  be  entirely  different  from  those  that 
occurred  in  our  materials. 

Our  preliminary  work  was  done  on  whole  oats,  ground  and 
air-dried.  Five-gram  samples  were  treated  with  125  cc.  of 
the  extracting  reagent  for  varying  lengths  of  time,  with  occa- 
sional vigorous  shakings.  The  mixtures  were  then  allowed 
to  settle  and  the  supernatant  liquid  was  decanted  through  dry 
filters  into  500  cc.  flasks.  The  residue  was  washed  by  de- 
cantation  with  several  portions  of  water  until  500  cc.  of  fil- 
trate had  been  collected.  To  200  cc.  of  this  filtrate  10  grams 
of  ammonium  nitrate  were  first  added,  and  after  heating  the 
solution  to  65°  C,  50  cc.  of  ordinary  ammonium  molybdate 
solution  were  added,  the  whole  kept  at  65°  C.  for  fifteen  min- 
utes, then  removed  from  the  bath  and  allowed  to  stand  for 
one  hour.  The  precipitate  was  then  filtered  off,  washed  with 
a  small  quantity  of  water,  and  the  phosphorus  estimated  as 
magnesium  pyrophosphate.  This  was  supposed  to  be  the  in- 
organic phosphorus.  The  total  soluble  phosphorus  was  de- 
termined in  another  aliquot  of  200  cc.  by  the  Neumann 
method.  The  phosphorus  in  the  insoluble  residue,  repre- 
senting a  mixture  of  nucleoproteids,  nucleins,  and  lecithins, 
was  also  determined  and  designated  as  insoluble  organic 
phosphorus.  Tannin,  with  acetic  and  hydrochloric  acids, 
under  the  conditions  shown  in  the  table  on  the  following  page, 
was  also  tried.  The  molybdate  solution  used  was  one  pre- 
pared according  to  the  method  adopted  by  the  OflScial  Agri- 
cultural Chemists.^ 

These  results  show  how  decided  a  variation  may  occur  in 
the  quantities  of  the  different  forms  of  phosphorus  as  estima- 
ted under  varying  conditions  of  manipulation.     They  also 

1  Bull.  46,  Revised  Edition,  Bureau  Chem.  Dept.  of  Agr. 
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show  in  certain  instances  an  apparent  inorganic  content  ap- 
preciably large,  while  in  others  practically  none  was  found, 
indicating  again  the  influence  of  certain  varying  factors  in 
the  method  of  separation.  That  tannin  fails  to  remove  a  large 
proportion  of  soluble  organic  forms  is  also  very  evident. 

We  next  made  the  same  separations  with  a  number  of  ma- 
terials, using,  as  the  extracting  reagents,  0.2  per  cent  hydro- 
chloric and  I  per  cent  acetic  acid  solutions  for  forty  hours  at 
room  temperature.  The  inorganic  phosphorus  was  estimated 
by  the  same  method  as  that  used  in  the  case  of  oats. 


Table  III. 


Percentage  of  phosphorus 
in  air-dry  material. 


Substance. 

Acid. 

0 

1 

It 
11 

1% 

'a  ^ 

IH 

M  a 

CO  a 

M  a 

Wheat  bran 

Acetic 

1.548 

O.III 

1.422 

1.230 

Hydrochloric 

0.428 

1. 121 

0.120 

Malt  sprouts 

Acetic 

0.677 

0.176 

0.479 

0.389 

Hydrochloric 

0.213 

0.477 

0.350 

Brewer's  grains 

Acetic 

0,421 

0.382 

0.042 

0.005 

Hydrochloric 

0.395 

0.032 

0.006 

Distiller's  grains 

Acetic 

0.307 

0.229 

0.082 

0.022 

Hydrochloric 

0.244 

0.075 

0.022 

Corn 

Acetic 

0-313 

0.155 

0.163 

0.017 

Hydrochloric 

0.159 

0.153 

0.015 

Alfalfa 

Acetic 

0.266 

0.057 

0.205 

0.174 

Hydrochloric 

0.084 

0.189 

0.136 

Linseed  meal 

Acetic 

0.789 

0.470 

0.327 

0.166 

Hydrochloric 

0.564 

0.195 

0.102 

Liver  meat  meal 

Acetic 

1-034 

0.488 

0.618 

0.347 

Hydrochloric 

0.486 

0.585 

0.380 

Dried  blood 

Acetic 

0.123 

0.099 

0.020 

0.019 

Hydrochloric 

0.080 

0.042 

0.045 

Cow  feces 

Acetic 

0.344 

0.193 

0.159 

0.091 

Hydrochloric 

0.199 

O.I41 

0.084 

It  will  be  noticed  from  these  results  that  whenever  there  is 
a  large  amount  of  total  soluble  phosphorus  there  is  also  a 
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corresponding  increase  in  the  amount  of  inorganic  phosphorus. 
In  but  one  instance — that  of  the  hydrochloric  acid  extract  of 
bran — did  this  fail  to  hold  true.  In  all  cases,  the  character  of 
the  inorganic  precipitate  was  greatly  different  from  that  of  an 
ammonium  phosphomolybdate  precipitate.  It  was  invariably 
of  a  flocculent,  proteid-like  nature,  and  only  on  standing  did 
the  characteristic  yellow  precipitate  begin  to  separate.  This 
certainly  indicated  a  slow  cleavage  of  the  organic  phosphorus 
in  the  solution  which  was  brought  about  by  the  excess  of 
nitric  acid  in  the  molybdate  reagent.  In  the  case  of  the  ace- 
tic acid  extract  from  bran,  this  cleavage  was  especially  marked. 
Such  conditions  of  manipulation  certainly  lead  to  results  alto- 
gether too  high  for  inorganic  phosphorus. 

To  determine  more  definitely  the  point  as  to  whether  cer- 
tain nucleic  acids  are  so  easily  split  up  as  our  results  indica- 
ted, we  made  preparations  of  these  bodies  from  wheat  bran 
and  fresh  corn-germ  meal.  That  from  wheat  bran  was  sepa- 
rated by  Osborn's  method^  and  gave  a  product  extremely  low 
in  phosphorus,  less  than  i  per  cent,  and  high  in  proteid  mat- 
ter. The  filtrate  from  the  pepsin  digestion — a  part  of  the 
Osborne  method — showed  an  abundance  of  an  easily  cleava- 
ble  organic  phosphorus  combination.  This  is  in  harmony 
with  our  other  results,  that  the  nucleins  or  salts  of  nucleic 
acid  of  wheat  bran  are  extremely  soluble  in  dilute  acid  solu- 
tions. 

By  Levene's  method^  we  separated  from  wheat  bran  a 
nucleic  acid  carrying  7.59  per  cent  of  phosphorus,  and  from 
fresh  germ  meal  one  containing  6.83  per  cent.  Both  these 
products  were  soluble  in  water,  yielding  pale-yellow  solu- 
tions. When  dissolved  in  water  and  tested  as  in  the  above 
method  for  the  estimation  of  inorganic  phosphorus,  that  is, 
with  50  cc.  raolybdic  solution  at  65°  C.  in  the  presence  of 
ammonium  nitrate,  a  flocculent  precipitate  first  separates. 
This  soon  takes  on  a  yellow  color  and  the  ammonium  phos- 
phomolybdate settles  out. 

It  became  apparent  that  a  method  estimating,  at  least  ap- 

»  Ann.  Rep.  Conn.  Agr.  Exp.  Sta.,  1901. 
*  J.  Am.  Chem.  Soc,  aa,  239  (1900). 
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proximately,  the  amount  of  inorganic  phosphorus  in  our  feed- 
ing materials  and  animal  by-products,  must  take  into  account 
the  amount  qf  free  acid  in  the  precipitating  reagent.  With 
this  point  in  view,  we  first  established  the  amount  of  nitric 
acid  necessary  to  separate  quantitatively  ammonium  phospho- 
molybdate  when  neutral  ammonium  molybdate  was  added  to 
a  neutral  solution  of  inorganic  phosphorus.  We  found  that  2 
cc.  of  nitric  acid  of  sp.  gr.  1.20  in  225  cc.  of  solution  would 
cause  quantitative  separation  in  water  extracts  and  in  ex- 
tracts made  with  0.2  per  cent  hydrochloric  acid  and  neutralized 
with  ammonia.  In  the  i  per  cent  acetic  acid  extracts,  neu- 
tralized with  ammonia,  4  cc.  of  nitric  acid  of  sp.  gr.  1.20  are 
necessary  because  of  the  retarding  action  of  the  ammonium 
acetate  on  the  separation  of  ammonium  phosphomolybdate. 
Ten  grams  of  ammonium  nitrate  were  added  to  the  above  vol- 
ume. Neutral  ammonium  molybdate  was  prepared  by  addi- 
tion of  ammonia  to  the  ordinary  molybdate  solution,  using 
litmus  as  an  indicator. 

Preliminary  estimations  showed  that  forty  hours'  extrac- 
tion was  entirely  unnecessary.  Three  hours,  the  time  re- 
quired to  thoroughly  wash  the  residue,  gave  nearly  as  high 
total  soluble  phosphorus  as  forty  hours.  In  the  next  table  is 
presented  results  secured  by  the  following  method :  Five 
grams  of  the  sample  were  vigorously  shaken  with  125  cc.  of 
the  extracting  reagent  for  15  minutes.  The  mixture  was 
then  allowed  to  settle,  was  decanted  through  a  filter-paper 
into  a  500  cc.  flask,  and  the  residue  washed  with  water  until 
about  500  cc.  of  filtrate  had  been  collected.  Two  hundred  cc. 
of  the  filtrate  were  next  neutralized  with  ammonia,  using  lit- 
mus as  indicator,  and  10  grams  of  ammonium  nitrate  added. 
The  solution  was  then  warmed  to  65°  C.  and,  in  the  case  of 
the  water  and  hydrochloric  acid  extracts,  2  cc.  nitric  acid 
(sp.  gr.  1.20)  and  25  cc.  neutral  ammonium  molybdate  were 
added.  To  the  acetic  acid  extracts  4  cc.  nitric  acid  (sp.  gr* 
1.20)  were  added.  The  extracts  were  allowed  to  stand  fifteen 
minutes  at  65°,  were  then  removed  from  the  bath  and  after 
one  hour  were  filtered.  The  phosphorus  was  estimated  as 
the  magnesium  salt. 


Phosphorus  in  Certain  Food  Materials, 


479 


Table  IV. 


Percentage  of  phosphorus  in  air- 
dry  material. 
Total  Total        Inorganic 


Substance. 

Treatment. 

phorus. 

phosphorus 

.  phorus. 

Oats 

Water 

0.355 

0.180 

0.00 

Acetic 

O.II4 

0.00 

Hydrochloric 

0.096 

0.00 

Bran  (wheat) 

Water 

1.548 

0.356 

0.143 

Acetic 

1. 100 

0.055 

Hydrochloric 

0.951 

0.036 

Malt  sprouts 

Water 

0.677 

0.548 

0.391 

Acetic 

0.489 

0.279 

Hydrochloric 

0.477 

0.017 

Brewer's  grains 

Water 

0.421 

0.142 

0.007 

Acetic 

0.039 

0.007 

Hydrochloric 

0.040 

0.009 

Distiller's  grains 

Water 

0.307 

0.079 

0.012 

Acetic 

0.104 

0.005 

Hydrochloric 

0.069 

0.007 

Corn 

Water 

0.313 

0.276 

0.014 

Acetic 

0.203 

0.00 

Hydrochloric 

0.177 

0.00 

Alfalfa 

Water 

0.266 

0.196 

0.064 

Acetic 

0.182 

0.079 

Hydrochloric 

0.180 

0.079 

Linseed  meal 

Acetic 

0.789 

0.327 

0.085 

Hydrochloric 

0.195 

0.088 

Oat  straw 

Acetic 

0.135 

0.095 

0.028 

Hydrochloric 

0.086 

0.009 

Wheat 

Water 

0.390 

0.125 

0.028 

Acetic 

0.174 

0.040 

Hydrochloric 

0.172 

0.008 

Blood 

Water 

0.123 

0.029 

0.005 

Acetic 

0.028 

O.OIO 

Hydrochloric 

0.054 

0.00 

Meat  meal 

" 

4.073 

1.387 

0.098 

Liver  meat  meal 

" 

1.034 

0.486 

0.005 

Cow  feces 

" 

0.344 

0.148 

0.004 

These  results  clearly  show  that  where  the  amount  of  nitric 
acid  used  in  the  determination  of  inorganic  phosphorus  was 
reduced  to  the  minimum,  there  was  a  marked  decrease  in  the 
amount  of  this  form  of  phosphorus  apparently  present.  This 
decrease  is  especially  noticeable  in  the  hydrochloric  acid  ex- 
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tracts.  In  fact  the  estimations  by  the  use  of  hydrochloric 
acid,  with  the  exceptions  of  alfalfa  and  linseed  meal,  we  re- 
gard as  indicating  the  absence  of  inorganic  phosphate  The 
water  and  acetic  acid  extracts  of  bran  and  malt  sprouv  ••  ow 
considerably  higher  figures  for  inorganic  phosphorus  tha.  l^e 
hydrochloric  acid  extract.  It  will  be  observed  that  both  ths-  ^ 
materials  are  rich  in  easily  soluble,  organic  compounds 
That  these  compounds  are  more  easily  split  up  into  inor- 
ganic forms  by  water  alone  and  i  per  cent  acetic  acid  than 
by  0.2  per  cent  hydrochloric  acid  seems  a  possible  explana- 
tion of  the  results  secured.  Even  when  bran  has  been  ex- 
tracted with  a  I  per  cent  solution  of  hydrochloric  acid  for 
forty  hours,  the  inorganic  estimation  showed  but  0.088  per 
cent,  while  the  total  soluble  phosphorus  was  1.26  percent. 
We  found  it  impossible  to  filter  extracts  of  linseed  meal  and, 
consequently,  could  only  prepare  such  extracts  by  decantation. 
This,  of  course,  gave  us  a  distintly  turbid  solution.  On  pre- 
cipitating with  molybdate  solution,  an  unusually  large,  floccu- 
lent  precipitate  resulted,  difficult  to  filter  and  wash.  It  redis- 
solved  readily  in  ammonia.  Also  in  the  case  of  alfalfa,  a  very 
large,  flocculent  precipitate  was  formed  on  adding  the  molyb- 
date solution.  I^ater,  working  with  sprouted  grains,  we  esti- 
mated in  one  case  as  inorganic  phosphorus  0.0118  gram  mag- 
nesium pyrophosphate.  This  precipitate,  after  ignition,  was 
unusually  white.  On  dissolving  it  in  dilute  nitric  acid  and 
reestimating  the  phosphorus,  we  weighed  but  0.0017  gram  of 
magnesium  pyrophosphate.  This  is  an  extreme  case,  but  it 
indicated  that  where  we  have  a  large,  flocculent,  proteid  pre- 
cipitate with  our  molybic  acid,  soluble  again  in  ammonia, 
there  can  be  formed  on  the  addition  of  magnesia  mixture  in- 
soluble proteid-magnesia  combinations  convertible  to  mag- 
nesium oxide  on  ignition  and  weighed  as  magnesium  pyro- 
phosphate. With  this  precaution  in  mind,  we  redetermined 
the  inorganic  phosphorus  in  alfalfa  and  linseed  meal.  On  the 
fiirst  weighing  as  magnesium  pyrophosphate  they  showed  re- 
spectively 0.0072  and  0.0107  gram.  On  dissolving  in  dilute 
nitric  acid,  we  weighed  as  magnesium  pyrophosphate  0.0006 
gram  and 0.0005  gram,  respectively.    These  figures  are  equiva- 
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lent  to  0,008  per  cent  inorganic  phosphorus  in  alfalfa  and 
0.007  per  cent  in  linseed  meal,  figures  we  still  believe  due  to 
errors  of  manipulation. 

Experiments  with  the  Use  of  Tannin  and  Sodium  Acetate. 

Since  Araki  has  used  this  method  as  a  means  of  separating 
nucleic  acids  from  solutions  containing  organic  and  inorganic 
phosphorus,  it  was  thought  that  it  might  be  applied  to  our  work . 
Extracts  were  made  with  0.2  per  cent  hydrochloric  and  i  per 
cent  acetic  acids  in  the  usual  way.  To  200  cc.  of  the  extract, 
neutralized  with  ammonia,  12  grams  of  sodium  acetate  were 
added  and  then  a  solution  of  tannin  until  no  further  precipi- 
tate was  formed.  The  mixture  was  then  diluted  to  250  cc, 
filtered  through  a  dry  filter,  and  in  200  cc.  the  total  phos- 
phorus (supposedly  inorganic)  determined  by  the  Neumann 
method.     The  reagents  used  were  phosphorus  free. 

Table  V. 

Percentage  of  phosphorus  in  air- 
dry  material. 


Substance. 

Total 
phosphorus. 

Inorganic 
phosphorus. 

Wheat 

Water 

0.390 

0.087 

Acetic 

0.147 

Hydrochloric 

0.147 

Bran 

Water 

1.548 

0.398 

Acetic 

1.026 

Hydrochloric 

0.783 

Distiller's  grains 

Water   . 

0.307 

0.080 

Acetic 

0.092 

Hydrochloric 

0.063 

Malt  sprouts 

Water 

0.677 

0.528 

Acetic 

0.471 

Hydrochloric 

0.483 

Brewer's  grains 

Water 

0.421 

O.II5 

Acetic 

0.061 

Hydrochloric 

0.026 

Oat  straw 

Water 

0.135 

0.094 

Acetic 

0.061 

Hydrochloric 

0.083 

These  results  give  further  evidence  that  tannin  and  sodium 
acetate  could  not  be  used  for  the  separation  of  organic  and  in- 
organic phosphorus  in  such  materials. 
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Method  Adopted. 

The  method  we  have  finally  adopted  as  giving  results  near- 
est the  truth  is  that  detailed  above  for  the  hydrochloric  acid  ex- 
tract of  Table  IV.,  with  the  following  modification  :  After 
ignition  the  magnesium  pyrophosphate  is  dissolved  in  dilute 
nitric  acid  and  the  phosphorus  reestiraated.  This,  as  detailed 
above,  is  to  prevent  the  error  of  weighing  magnesium  pyro- 
phosphate contaminated  with  magnesium  oxide.  We  do  not 
expect  the  method  to  give  absolute  results  in  all  cases.  What 
we  claim  for  it  is  that  it  reduces  the  hydrolyzing  action  of  the 
reagents  to  a  minimum,  but  at  the  same  time  allows  complete 
precipitation  of  inorganic  phosphates. 

In  one  experiment,  when  to  a  solution  containing  0.0413 
gram  of  inorganic  phosphorus  estimated  as  magnesium  pyro- 
phosphate, were  added  0.500  gram  of  nucleic  acid  prepared 
from  wheat  bran,  and  the  solution  then  subjected  to  the  above 
treatment,  the  recovery  was  0.0439  gram,  a  gain  of  0.0026  gram 
by  cleavage  of  the  nucleic  acid  present.  This  0.0026  gram  of 
magnesium  pyrophosphate  calculated  in  percentage  of  phos- 
phorus on  a  2  gram  sample  is  equal  to  0.036  per  cent.  It  can 
be  readily  seen,  then,  that  estimations  of  inorganic  phos- 
phorus giving  results  as  high  as  0.036  per  cent  in  solutions 
rich  in  soluble  organic  phosphorus  can  easily  be  accounted 
for  as  coming  by  cleavage  of  organic  phosphorus  compounds. 

Attempts  have  been  made  to  remove  the  interfering  proteids 
by  precipitation  with  neutral  ammonium  molybdate  in  solu- 
tions cooled  to  18°  C.  and  in  the  presence  of  but  i  cc.  nitric 
acid  (sp.  gr.  1.20)  in  250  cc.  volume.  This  did  bring  about 
partial  removal,  but  on  warming  the  solutions  with  the  addi- 
tion of  the  extra  i  cc.  of  nitric  acid  (sp.  gr.  1.20),  necessary 
to  precipitate  the  inorganic  phosphorus,  there  was  generally  a 
further  precipitation  of  proteid  matter  and  consequent  inter- 
ference. 

Experiments  with  Germinated  Grains. 

Since  Iwanow^  and  Zaleski,*  working  independently,  have 

1  Ber.  d.  bot.  Ges.,  ao.  Heft.  7  (1902). 
« /*jrf.,  ao,  Heft.  7  fi902). 
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shown  that  during  the  germination  in  the  dark  of  vetch  and 
lupine,  a  marked  decrease  in  organic  phosphorus  with  corre- 
sponding increase  in  inorganic  forms  appeared  to  take  place, 
it  became  of  interest  to  carry  on  similar  work,  using  our  own 
method  for  the  separation  of  inorganic  phosphorus.  Both 
these  workers  used  the  ordinary  molybdate  solution  contain- 
ing free  nitric  acid  in  their  inorganic  determinations.  For 
our  work  we  selected  corn,  oats,  and  wheat.  These  were 
germinated  in  pure  glass  sand  in  the  dark  for  periods  of  one 
and  two  weeks.  At  the  ends  of  these  periods,  the  grains  were 
dried  at  60°  C,  separated  from  the  adhering  sand,  and  finely 
ground.  After  exposure  to  the  air  for  a  few  days  the  samples 
were  bottled  and  analysis  made  by  the  hydrochloric  acid 
method.  Below  we  give  the  data,  and  for  comparison,  results 
obtained  on  the  unground  seeds.  We  also  present  data  se- 
cured on  the  two-weeks-old  germinated  seeds  by  the  Iwanow 
method.  Fifty  cc.  of  ordinary  molybdate  were  used  to  200  cc. 
of  extract.  Iwanow  does  not  state  the  exact  quantity  of 
molybdic  solution  which  he  used,  so  we  are  unable  to  exactly 
repeat  his  method. 

Table  VI. 

Percentage  of  phosphorus  in 
air-dry  material. 


n 

V 

in 

u 

^ 

0 

-O  0 

3 
0  s 

ft 

1- 

Substance. 

Treatment. 

5 

■3    • 

8.2 

P. 

rt  « 

^  §  ■"' 

3 

5S 

S)2 
0  ° 

rt  0  0 

0 

oja 

0'^ 

^  a-^ 

5h 

{H  p. 

M  a 

MM  ft 

Wheat 

Ungerminated 

0.390 

0.172 

0.008 

I  week 

0.2II 

0.018 

2  weeks 

0.279 

0.031 

0.273 

Corn 

Ungerminated 

0.313 

0.177 

0.00 

I  week 

0.237 

O.OII 

2  weeks 

0.312 

0.036 

0.212 

Oats 

Ungerminated 

0.355 

0.096 

0.00 

I  week 

O.I81 

0.022 

2  weeks 

0.302 

0.032 

0.217 

We  see  from  the  above  figures  that  during  the  germination 
of  these  seeds  in  the  dark  there  is  a  marked  increase  in  solu- 
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ble  organic  phosphorus  compounds,  but  that  according  to 
our  method  of  estimation  the  cleavage  does  not  extend  to  the 
formation  of  inorganic  phosphates.  The  increase  of  inorganic 
phosphorus  accompanying  the  increase  of  total  soluble  organic 
phosphorus  is  explained  by  the  slight  cleavage  action  of  our 
reagents. 

The  Iwanow^  method  in  our  hands  gives  results  in  perfect 
agreement  with  his  previously  reported  results — that  is,  that 
during  germination  in  the  dark  there  is  a  marked  formation  of 
inorganic  phosphorus. 

The  discrepancy  in  the  two  results  appears  to  be  due  to 
differences  of  method.  Araki,'  working  on  the  action  of  cer- 
tain enzymes,  as  pepsin,  trypsin,  andrtjrepsin,  and  on  nucleic 
acids  of  animal  origin,  came  to  the  conclusion  that  the  struc- 
ture of  these  bodies  was  but  little  disturbed  by  the  action  of 
these  enzymes. 

Our  results  bring  us  to  the  conclusion  that  during  germina- 
tion there  is  a  proteolysis  of  nucleoproteids  with  formation  of 
more  soluble  mobile  nucleins  and  nucleic  acids,  but  not  a 
transformation  of  the  organic  phosphorus  into  the  inorganic. 
Summary. 

(i)  Our  commercial  feeding-stuffs  of  vegetable  origin  do 
not  contain  appreciable  quantities  of  phosphorus  in  inorganic 
combination. 

(2)  The  animal  feeding-materials,  such  as  liver  meal  and 
dried  blood,  when  representative,  are  also  approximately  free 
from  this  form  of  phosphorus.  Commercial  meat  meal,  liable 
to  carry  varying  quantities  of  bone,  does  contain  inorganic 
phosphorus,  dependent,  of  course,  on  the  amount  of  bone 
present.  The  feces  of  the  cow  used  in  our  experiment  are 
also  free  from  inorganic  phosphorus. 

(3)  Germinated  grains  are  rich  in  forms  of  soluble  organic 
phosphorus. 

(4)  Germination,  extending  over  a  period  of  two  weeks,  on 
oats,  corn,  and  wheat,  did  not  transform  organic  phosphorus 
into  inorganic  forms. 

1  Loc.  cit. 

2  Ztschr.  physiol.  Chem.,  38,  84  (1903). 
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In  conclusion,  we  wish  to  express  to  Dr.  Jordan,  at  whose 
instigation  this  work  was  undertaken  as  preliminary  to  studies 
on  phosphorus  and  sulphur  metabolism  in  animals,  and  to  Dr. 
Van  Slyke,  our  sincere  thanks  for  their  constant  interest  and 
many  helpful  suggestions. 


THE   CHLORIDES    OF   PARABROMORTHOSULPHO- 
BENZOIC ACID  AND  SOME   OF  THEIR   DE- 
RIVATIVES.' 

By  William  M.  Blanchard. 
PART   I, 

The  interesting  results  obtained  in  the  study  of  the  chlo- 
rides of  orthosulphobenzoic  acid'  and  the  chlorides  of  para- 
nitroorthosulphobenzoic  acid^  led  to  an  investigation  of  the 
chlorides  of  parabromorthosulphobenzoic  acid.  The  work 
was  undertaken  by  Edward  S.  Smith  at  the  suggestion  of 
Professor  Remsen,  Smith  prepared  a  large  quantity  of  pure 
acid  potassium  salt  of  parabromorthosulphobenzoic  acid  from 
which  he  obtained  the  mixed  chlorides.  By  treating  a  por- 
tion of  the  mixed  chlorides  with  ammonia  he  isolated  the 
symmetrical  chloride,  and  by  fractional  crystallization  of  an- 
other portion,  he  obtained  several  crystals  of  the  unsymmetri- 
cal  chloride  in  pure  condition. 

At  this  point  Smith  left  the  university,  and  it  was  with  the 
material  that  he  had  prepared,  and  at  Professor  Remsen 's 
suggestion,  that  the  present  author  took  up  the  work. 

Soon  after  the  work  was  begun,  greater  interest  was  given 
to  it  by  the  appearance  of  an  article  by  List  and  Stein,*  in 
which  it  was  stated  that  several  of  the  conclusions  in  the 
papers  already  referred  to  were  erroneous,  that  the  two  chlo- 
rides furnish  an  interesting  case  of  tautomerism,  that  each  in- 
dividual chloride  reacts  at  one  time  as  a  symmetrical,  and  at 

1  From  the  author's  dissertation  submitted,  June,  1900,  to  the  Board  of  University 
Studies  of  the  Johns  Hopkins  University,  in  conformity  with  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 

s  This  Journal,  17,  330,  347  ;  18,  794,  809,  819. 

8  Ibid.,  19,  496. 

*  Ber.  d.  chem.  Ges.,  31,  1648. 
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another  time  as  an  unsymmetrical  compound,  and  that  it  is 
not  possible  to  determine  with  certainty  the  constitution  of 
either  chloride  by  means  of  chemical  investigation. 

The  experimental  part  of  this  work  will  now  be  presented, 
after  which  some  remarks  will  be  made  upon  the  conclusions 
to  be  drawn  therefrom. 

Acid  Potassium  Salt  of  Parabromorthosulphobenzoic  Acid. — 
The  material  that  formed  the  basis  of  this  work  was  para- 
bromtoluene.  This  was  obtained  in  crystalline  form,  melting 
at  about  32''  to  an  almost  colorless  liquid.  It  was  sulphon- 
ated  and  oxidized  by  a  method  differing  but  slightly  from  that 
described  by  Hiibner  and  Post.^  To  the  parabromtoluene  in 
a  large  flask  fuming  sulphuric  acid  was  added  in  the  propor- 
tion of  5  parts  by  weight  of  acid  to  2  parts  by  weight  of  brom- 
toluene,  the  acid  being  added  in  small  portions  and  the  tem- 
perature kept  down  to  about  40°,  by  placing  the  flask  in  cold 
water  when  necessary.  The  reaction  was  complete  in  an 
hour.  The  clear,  dark-brown  solution  was  poured  into  about 
ten  times  its  volume  of  cold  water,  the  excess  of  sulphuric  acid 
neutralized  with  calcium  carbonate,  and  the  precipitated  cal- 
cium sulphate  removed  by  filtration.  The  filtrate  was  heated 
to  boiling,  a  slight  excess  of  potassium  carbonate  added,  and 
the  boiling  continued  for  at  least  an  hour  to  insure  the  com- 
plete conversion  into  the  carbonate  of  all  the  magnesium, 
which  is  usually  found  to  some  extent  in  commercial  calcium 
carbonate.  When  this  precaution  was  not  observed,  it  was 
found  extremely  difficult  to  separate  and  purify  the  salt  de- 
sired. The  precipitated  calcium  and  magnesium  carbonates 
were  filtered  off  and  the  filtrate  evaporated  to  a  smaller  vol- 
ume, when,  on  cooling,  a  large  quantity  of  crystals  was  ob- 
tained. By  fractional  crystallization,  these  were  separated  into 
two  salts,  potassium  parabrommetatoluenesulphonate  crystal- 
lizing in  needles,  and  the  corresponding  ortho  salt  crystal- 
lizing in  plates  or  thin,  lustrous  scales.  The  latter  is  similar 
n  appearance  to  the  sodium  parabromorthotoluenesulphonate 
described  by  Hiibner  and  Post,  and  identical  with  the  potas- 

1  Ann.  Chem.  (Liebig),  169,  i. 
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sium  salt  prepared  by  Remsen   and   de  Roode^   by   another 
method. 

The  potassium  salt  was  then  oxidized  as  follows  :  Into  a 
5-liter  balloon  flask  containing  about  4  liters  of  water,  90 
grams  of  the  salt,  to  be  separately  oxidized,  were  introduced. 
The  flask  was  placed  on  an  asbestos  plate  over  a  burner  and 
connected  with  a  boiler  from  which  a  current  of  steam  was 
passed  into  the  solution  of  the  salt.  After  the  solution  had 
begun  to  boil,  100  grams  of  powdered  potassium  permanganate 
were  added  in  small  quantities  at  short  intervals.  The  boiling 
was  continued  for  twelve  hours,  when  the  oxidation  was  com- 
plete. During  the  operation  the  flame  beneath  the  flask  and 
the  current  of  steam  passing  into  the  solution  were  so  regula- 
ted that  the  quantity  of  water  in  the  flask  remained  almost 
constant.  When  the  salt  was  all  oxidized,  the  excess  of 
potassium  permanganate  was  reduced  with  alcohol,  the  man- 
ganese dioxide  allowed  to  settle,  and  the  solution  removed  by 
decantation,  and  afterwards  filtered.  This  was  evaporated  to 
a  small  volume  and  allowed  to  cool,  when  sufficient  concen- 
trated hydrochloric  acid  was  added  to  precipitate  the  diflS- 
cultly  soluble  acid  potassium  salt  of  parabromorthosulphoben- 
zoic acid.  This  salt  crystallizes  from  its  aqueous  solution  in 
large,  lustrous  plates,  and  is  identical  with  that  prepared  by 
Remsen  and  Bayley  :^ 

Calculated  for 
yCOOH 
C6H3Br<  .  Found. 

^SOsOK 

K  12.22  12.15 

Symmetrical  Chloride. — The  symmetrical  chloride  was  pre- 
pared by  the  method  employed  for  the  preparation  of  the 
symmetrical  chloride  of  orthosulphobenzoic  acid.  A  mixture 
of  powdered  acid  potassium  salt  of  parabromorthosulphoben- 
zoic acid  and  phosphorus  pentachloride,  in  the  proportion  of 
70  grams  of  the  former  to  114  grams  of  the  latter,  was  placed 
in  an  evaporating  dish  on  a  water-bath  and  heated  for  an 
hour,  the  whole  being  frequently  stirred  during  the  heating. 

1  This  Journal,  13,  222. 
2/«id.,8,  230- 
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At  the  end  of  an  hour  the  reaction  was  complete.  The  oily 
product  was  poured  into  a  large  beaker  of  cold  water,  where 
it  soon  solidified  to  a  slightly  yellowish,  crystalline  mass. 
This  was  powdered,  washed  with  cold  water,  and  dried.  It 
was  then  treated  with  a  cold  solution  of  ammonia,  made  by 
adding  i  part  of  concentrated  aqueous  ammonia  to  3  parts  of 
water,  until  a  portion  crystallized  from  purified  ligroin  (boil- 
ing at  105°  to  140°)  showed  a  definite  melting-point.  The 
whole  was  then  crystallized  from  the  ligroin,  which  had  been 
purified  by  the  usual  method.  The  symmetrical  chloride 
melts  at  99°  to  100°. 

The  determinations  of  chlorine  in  the  chloride  were  made  by 
the  method  employed  by  Saunders.^     Portions  of  the  chloride 
were  decomposed  in  beakers  by  warming  with  concentrated 
nitric  acid,  to  which  silver  nitrate  had  been  added  : 
I.  0.1908  gram  substance  gave  0.1716  gram  AgCl.' 

II.  0.2369  gram  substance  gave  0.2124  gram  AgCl. 

Calculated  for  Found. 

/COCl 
C6H3Br<  .  I.  II. 

\sOjCl 

CI  22.30  22.24  22.17 

Un symmetrical  Chloride. — The  unsymmetrical  chloride  was 
prepared  by  the  method  devised  by  I^ist  and  Stein^  for  the 
preparation  of  the  unsymmetrical  chloride  of  orthosulphoben- 
zoic  acid.  The  neutral  potassium  salt  of  parabromorthosul- 
phobenzoic  acid  was  heated  with  phosphorus  oxychloride  in  a 
sealed  tube  at  130°  for  fifteen  hours.  For  every  50  grams  of 
the  neutral  salt,  75  grams  of  the  phosphorus  oxychloride  were 
used.  The  yield  was  something  over  50  per  cent.  When 
crystallized  from  ligroin,  the  unsymmetrical  chloride  melts  at 
89°  to  90°. 

I.  0.1542  gram  substance  gave  0.1393  gram  AgCl.* 
II.  0.2238  gram  substance  gave  0.2011  gram  AgCl. 

Calculated  for  Found. 

CgHjBr/       *No.  I.  II. 

^SOj-^ 

01  22.30  22.34  22.22 

»  This  Journal,  17,  350. 
«  Analysis  made  by  E.  S.  Smith. 
»  Loc.  cit. 
*  Analysis  made  by  B.  S.  Smith. 
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Ammonia  on  the  Symmetrical  Chloride. — To  50  cc.  concen- 
trated, aqueous  ammonia  5  grams  finely  powdered  symmetri- 
cal chloride  were  added.  The  chloride  was  completely  dis- 
solved in  about  an  hour.  The  solution  was  allowed  to  stand 
in  the  open  air  until  the  excess  of  ammonia  had  evaporated. 
The  vessel  was  then  found  to  contain  a  quantity  of  long,  in- 
terlacing, needle-like  crystals.  When  these  were  dissolved 
in  water  and  sufi&cient  hydrochloric  acid  added,  a  voluminous 
precipitate  came  down,  which,  when  collected  and  crystallized 
from  water,  was  found  to  be  parabrombenzoic  sulphinide, 
prepared  first  by  Remsen  and  Bayley,' and  later  by  Remsen 
and  De  Roode.'  The  filtrate  from  the  parabrombenzoic  sulph- 
inide was  evaporated  to  a  smaller  volume  and  examined  for 
parabromorthocyanbenzenesulphonic  acid.  The  addition  of 
potassium  carbonate  gave  no  precipitate,  and  closer  examina- 
tion failed  to  reveal  the  presence  of  either  the  potassium  or 
the  ammonium  salt  of  this  acid. 

This  experiment  was  repeated  a  number  of  times,  the  con- 
ditions being  varied,  but  always  with  the  same  result,  whether 
the  solution  of  ammonia  was  concentrated  or  dilute,  cold  or 
hot ;  the  product  was  only  parabrombenzoic  sulphinide.  If 
was  found  that  the  symmetrical  chloride  dissolves  in  cold, 
concentrated,  aqueous  ammonia  in  about  an  hour,  while  it  is 
not  completely  dissolved  in  a  solution  made  by  mixing  i  part 
of  concentrated  ammonia  with  i  part  of  water,  before  the  end 
of  fbur  days.  When  the  dilute  ammonia  is  warmed,  how- 
ever, the  chloride  goes  into  solution  in  the  course  of  a  few 
hours  : 

/COCl 
C.H^Br/  +4NH3     = 

\so,ci 

C6H,Br<  >N.NH,  +  2NH,C1. 

Ammonia  on  the  Unsymmetrical  Chloride. — To  a  concentra- 
ted solution  of  aqueous  ammonia  5  grams  of  the  unsymmetri- 

*  This  JouRKAL,  8,  aag. 

*  Ibid.,  13,  230. 
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cal  chloride  were  added.  The  chloride  dissolved  immediately, 
giving  rise  to  a  marked  evolution  of  heat.  After  the  excess 
of  ammonia  had  evaporated,  the  solution  was  acidified  with 
hydrochloric  acid.  The  addition  of  the  acid  gave  a  white 
precipitate,  which  proved  to  be  brombenzoic  sulphinide,  de- 
scribed above.  The  filtrate  from  the  sulphinide  was  evapora- 
ted to  a  smaller  volume,  when  the  addition  of  potassium  car- 
bonate gave  a  precipitate  of  potassium  parabromorthocyan- 
benzenesulphonate.^ 

This  experiment  was  repeated  several  times,  under  difierent 
conditions,  and  always  with  the  same  result.  Both  bromben- 
zoic sulphinide  and  parabromorthocyanbenzenesulphonic  acid 
were  formed.  Several  experiments  were  performed  in  order 
to  determine  the  relative  amounts  of  the  two  products  under 
different  conditions.  In  each  experiment  5  grams  of  the  chlo- 
ride were  taken.     The  results  are  tabulated  in  grams. 

I.  II.  III. 

1.  In  concentrated  ammonia  : 

Parabrombenzoic  sulphinide  i.i         1.4         1.3 

Potassium  bromcyanbenzenesulpho- 

nate  3.6         3.4         3.3 

2.  In  dilute  ammonia  (i  part  cone,  ammo- 

nia to  3  parts  water)  : 

Parabrombenzoic  sulphinide  0.7         0.6         0.6 

Potassium  bromcyanbenzenesulpho- 

nate  3.4         3.8         3.5 

3.  In  very  dilute  ammonia  (i  part  cone. 

ammonia  to  20  parts  water)  : 

Parabrombenzoic  sulphinide  0.28       0.26       0.31 

Potassium  bromcyanbenzenesulpho- 

nate  4.38       4.27       4.26 

From  the  above  table  it  will  be  seen  that  the  more  concen- 
trated the  ammonia  the  greater  is  the  yield  of  the  sulphinide. 

The  reaction  by  which  the  unsymmetrical  chloride  is  con- 
verted into  the  ammonium  salt  of  bromcyanbenzenesulphonic 
acid  is  expressed  by  the  following  equation  : 

CCl  CN 

C,H,Br<^       "No  +  4NH,  =  CeH,Br<^  -f  2NH,C1. 

\S0,/  ^SO.ONH, 

1  See  page  504. 
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Whether  another  part  of  the  unsymtaetrical  chloride  is  con- 
verted by  the  ammonia  directly  into  the  brombenzoic  sulph- 
inide,  or  is  first  changed  into  the  symmetrical  chloride,  and 
then  into  the  sulphinide,  is  not  known. 

Aniline  on  the  Symmetrical  Chloride.  — An  emulsion  of  ani- 
line and  water  was  made  by  mixing  30  grams  of  aniline  with 
200  cc.  of  water  in  a  large  flask.  To  this  mixture  25  grams 
of  symmetrical  chloride  were  slowly  added.  The  chloride 
united  at  once  with  the  aniline,  forming  a  thick,  yellowish, 
gummy  substance,  which,  after  being  repeatedly  shaken  dur- 
ing twenty-four  hours,  had  the  appearance  of  a  dark-brown 
powder.  This  was  filtered  off,  washed  first  with  cold,  dilute 
hydrochloric  acid,  and  then  with  water,  and  crystallized  from 
alcohol.  The  product  was  placed  on  a  perforated  plate  con- 
nected with  a  suction-pump,  and  slowly  washed  with  a  dilute 
solution  of  caustic  soda  until  a  portion  of  the  filtrate  collected 
in  a  test-tube  no  longer  gave  a  precipitate  when  acidified  with 
hydrochloric  acid.  The  portion  undissolved  by  the  caustic 
soda  was  recrystallized  from  alcohol,  from  which  itwasob-^ 
tained  in  long,  slender  needles,  melting  at  184°  to  185". 

In  accordance  with  the  results  obtained  from  a  study  of  the 
chlorides  of  orthosulphobenzoic  acid,  this  product  must  be  re- 
garded as  the  anil  of  parabromorthosulphobenzoic  acid. 

The  filtrate  containing  the  portion  dissolved  by  the  caustic 
soda,  when  acidified  with  hydrochloric  acid,  gave  a  white 
precipitate.  This  was  collected  and  dissolved  in  boiling  alco- 
hol, from  which  it  crystallized  in  short,  silky  needles.  After 
being  recrystallized  several  times,  it  showed  a  constant  melt- 
ing-point of  236°  to  239°.  This  must  be  regarded  as  the  sym- 
metrical anilide  of  parabromorthosulphobenzoic  acid. 

The  filtrate  from  the  crude  product  obtained  by  the  action 
of  aniline  on  the  symmetrical  chloride  was  evaporated  to  a 
small  volume,  but  yielded  nothing  but  a  small  quantity  of 
aniline  hydrochloride. 

The  anil  and  the  anilide  are  formed  in  about  equal  propor- 
tions : 
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/COCl 
CeH,Br<  +3NH,CeH,     = 


;H,Br<C 


SO.Cl 

COCl 
SO.Cl 


/CO. 
CeH,Br<  >N.CeH,  +  2NH,.C,H,.HC1 


\ 


SO/ 


+  4NH,.C,H,     = 

/CO.NH.QH, 
CeH,Br<  +  2NH,.CeH,.HCl. 

\SO,.NH.CeH, 

A7iiline  on  the  Ujisymmetrical  Chloride, — An  emulsion  of 
aniline  in  water  was  made  as  in  the  preceding  experiment. 
Thirty  grams  of  aniline  were  mixed  with  200  cc.  of  water  in 
a  large  glask.  To  this  mixture  25  grams  of  the  unsymmetri- 
cal  chloride  were  slowly  added.  In  this  case  also,  the  chlo- 
ride united  at  once  with  the  aniline,  but  the  reaction  was  a 
much  cleaner  one  than  in  the  case  of  the  symmetrical  chlo- 
ride. In  the  course  of  a  few  hours,  after  repeated  shaking, 
the  flask  was  found  to  contain  a  white,  homogeneous  powder. 
This  was  collected  and  boiled  with  alcohol.  About  half  of 
the  product  finally  went  into  solution.  From  the  alcoholic 
solution  a  quantity  of  fine,  silky  needles  was  obtained,  which, 
when  recrystallized  several  times,  melted  at  236°  to  239°. 
This  is  identical  with  the  symmetrical  anilide  obtained  from 
the  symmetrical  chloride  as  described  above.  The  first  alco- 
holic solution  and  the  first  lot  of  crystals  were  examined  care- 
fully for  the  anil,  but  no  trace  of  it  was  found. 

The  product  undissolved  by  the  alcohol  was  dissolved  by  a 
dilute  solution  of  caustic  soda,  from  which  it  was  immediately 
precipitated  by  the  addition  of  hydrochloric  acid.  It  was 
again  treated  with  hot  alcohol  to  remove  any  trace  of  the 
symmetrical  anilide  that  might  be  present,  again  dissolved  by 
the  caustic  soda,  and  again  precipitated.  This  operation  was 
repeated  until  a  pure,  perfectly  white,  amorphous  substance 
was  obtained  which  did  not  fuse  at  300°,  though  it  showed 
some  indications  of  decomposing  slightly  below  that  tempera- 
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ture.     This  must  be  regarded  as  the  unsymmetrical  anilide. 
The  anilides  are  formed  in  about  equal  proportions  : 

CCl 
C,H,Br<C       'No  +  4NH,.C,H,     = 


^SO, 


C,H,.HN      NH.C.H, 

CeH3Br<^       "^O  +  2NH,.CeH,.HCl 
^SO/ 


/CCl,. 
C,H3Br<  >0  +  4NH,.C,H,     = 


\so, 


/^ 


CO.NH.CeH5 


CeHjBr/  +  2NH,.C6H5.HC1. 

\SO,.NH.CeH, 

Here,  also,  it  is  not  known  whether  a  part  of  the  unsym- 
metrical chloride  is  converted  directly  into  the  symmetrical 
anilide,  or  passes  first,  under  the  influence  of  the  aniline,  into 
the  symmetrical  chloride,  and  is  then  converted  into  the  sym- 
metrical anilide. 

The  above  experiments  were  repeated  several  times,  under 
the  same  conditions,  and  always  with  the  same  results.  It  will 
thus  be  seen  that  when  aniline  acts  upon  the  chlorides  in  the 
cold,  the  symmetrical  anilide  and  the  anil  are  formed  from  the 
symmetrical  chloride,  while  the  symmetrical  and  unsymmetri- 
cal anilides  are  formed  from  the  unsymmetrical  chloride ;  in 
other  words,  the  anil  is  obtained  only  from  the  symmetrical 
chloride,  the  unsymmetrical  anilide  only  from  the  unsym- 
metrical chloride,  while  the  symmetrical  anilide  is  obtained 
from  both.  This  was  to  be  expected  from  the  action  of  am- 
monia on  the  chlorides. 

Anil  of  Parabromorthosulphobenzoic  Acid, 
XOv 
C.HjBr<  ^N.CgHj. — As  has  been  said,  the  anil  is  obtained 

\so/ 

only  from  the  symmetrical  chloride.  It  is  only  slightly  solu- 
ble in  cold  but  easily  soluble  in  hot  alcohol,  and  readily  solu- 
ble in  benzene,  chloroform,  acetone,  and  glacial  acetic  acid. 
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From  its  alcoholic  solution  it  crystallizes  at  first  in  long ,  slen- 
der needles,  sometimes  45  mm.  in  length,  but  when  these  are 
recrystallized  several  times  they  assume  the  form  of  long,  nar- 
row, very  thin  plates.     The  anil  melts  at  184°. 5. 

0.2475  gram  substance  gave  0.1759  gram  BaSO^. 

0.2451  gram  substance  gave  0.1696  gram  BaSO^. 

0.2141  gram  substance  gave  0.00893  gram  N. 

0.2675  gram  substance  gave  o. 01 104  gram  N. 

0.1843  gram  substance  gave  0.3122  gram  CO2  and  0.0400 
gram  Hj,0. 

0.2 141  gram  substance  gave  0.3601  gram  CO2  and  0.0514 
gram  H^O. 

Calculated  for  Found. 

/CO. 
C6H3Br<  >N.C9H6.  I.  II. 

^so/ 

C                  46.15  46.20  45.87 

H                        2.36  2.41  2.66 

S                      9-46  9.50  9-39 

N                     4.14  4.17  4.12 

Symmetrical  Anilide  of  Parahromorihosulphobenzoic  Acid, 
.CO.NH.CeHj 
CgHjBr/^  . — This   substance   is   obtained    both 

\S0,.NH.C,H, 
from  the  symmetrical  and  the  unsymmetrical  chloride.  It  is 
not  soluble  to  any  extent  even  in  boiling  alcohol,  but  is  readily 
soluble  in  chloroform,  acetone,  benzene,  and  glacial  acetic 
acid.  It  crystallizes  in  fine,  silky  needles.  If  the  anilide  in 
crystalline  form  is  finely  powdered  and  treated  with  a  dilute 
solution  of  caustic  soda,  it  goes  into  solution  very  slowly,  nor 
will  it  be  completely  dissolved,  however  long  it  stands  in  con- 
tact with  the  alkali.  The  solution  of  the  caustic  soda,  with 
whatever  amount  of  the  anilide  it  has  dissolved,  must  be  re- 
moved and  a  fresh  portion  of  the  alkali  added,  and  this  opera- 
tion repeated  a  number  of  times,  before  the  anilide  is  com- 
pletely dissolved.  Hydrochloric  acid  precipitates  the  anilide 
in  amorphous  form  from  its  solution  in  caustic  soda.  The 
amorphous  anilide  is  readily  dissolved  by  the  caustic  soda. 
The  symmetrical  anilide  melts  at  236°  to  239°,  but  if  heated 
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rapidly  to  238°,  and  if  the  source  of  heat  is  then  removed,  it 
will  melt  at  238°  to  239°. 

0.2357  gram  substance  gave  0.1343  gram  BaSO^. 

0.1915  gram  substance  gave  0.1090  gram  BaSO^. 

0.2949  gram  substance  gave  0.01922  gram  N. 

0.3176  gram  substance  gave  0.0207  gram  N. 

0.19 19  gram  substance  gave  0.3699  gram  CO2  and  0.0631 
gram  HjO. 

0.2208  gram  substance  gave  0.4244  gram  CO^  and  0.0729 
gram  H^O. 


Calculated  for 

Found. 

/CO.NH.CjHb 
CeH3Ba< 

\s02.NH.C«Hb 

I. 

c 

52.90 

52.52 

H 

3-50 

3-65 

S 

7.42 

7.78 

N 

6.49 

6.50 

52.42 
3.67 

7-79 
6.52 

Unsymmetrical  Anilide  of  Parahromorthosulphobenzoic  Acid, 
C,H,.HN       NH.C.H, 

/^\ 

C-HjBrC  ^O         . — The  unsymmetrical  anilide  is  obtained 

only  from  the  unsymmetrical  chloride.  It  differs  markedly 
from  the  symmetrical  aniline  in  its  behavior  towards  solvents. 
It  is  readily  dissolved  by  a  dilute  solution  of  caustic  soda,  but 
is  only  slightly  soluble  in  those  other  solvents  in  which  the 
symmetrical  anilide  is  easily  dissolved.  When  it  is  boiled  with 
absolute  alcohol  or  with  glacial  acetic  acid,  it  is  dissolved  to 
a  slight  extent,  and  if  the  solution  is  allowed  to  stand  for 
several  days  the  unsymmetrical  anilide  crystallizes  out  in  fine, 
very  short  needles,  which,  like  the  amorphous  form,  do  not 
fuse  at  300°.  Unlike  the  crystalline  form  of  the  symmetrical 
anilide,  the  crystals  of  the  unsymmetrical  anilide  are  dissolved 
at  once  upon  the  addition  of  dilute  caustic  soda. 

0.1958  gram  substance  gave  0.1112  gram  BaSO^. 

0.31 18  gram  substance  gave  0.01675  gram  N. 

0.2085  gram  substance  gave  0.4040  gram  COj  and  0.0690 
gram  H,0. 
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Calculated  for 
CbHj.HN        NH.CsHj 

C(iHsBr<^        \o  Found. 

C  52.90  52.84 

H  3-50  3-73 

s  7.42  7.79 

N  6.49  6.55 

Action  of  Dehydratmg  Agents  on  the  Symmetrical  Anilide. 

a.  Phosphorus  Pentoxide. — A  mixture  of  the  anilide  and 
phosphorus  pentoxide  in  the  proportion  of  about  2  parts  of 
the  one  to  5  parts  of  the  other,  was  placed  in  a  large  test-tube 
closed  with  a  cork  stopper  carrying  a  Bunsen  valve,  and 
heated  to  180°  for  two  hours.  The  anilide  was  partially  trans- 
formed into  a  yellowish-brown  substance,  which  dissolved 
readily  in  hot  alcohol  or  glacial  acetic  acid.  From  these  sol- 
vents it  crystallized  in  dark-brown  needles,  melting  at  200°. 

In  accordance  with  the  work  of  Remsen  and  Hunter^  on  the 
anilides  of  orthosulphobenzoic  acid,  this  must  be  regarded  as 
the  dianil  of  parabromorthosulphobenzoic  acid  formed  from 
the  anilide  by  elimination  of  the  constituents  of  i  molecule  of 
water  : 

N.C.H, 

// 
/CO.NH.CeH^  /  C  V 

C,H,Br<  =     C,H,Br<         >N.C«H,  +  H,0. 

\SO,.NH.QH,  \S0/ 

b.  Phosphorus  Oxychloride. — The  symmetrical  anilide  was 
placed  in  a  tubulated  retort  connected  with  a  return  condenser, 
and  about  ten  times  its  weight  of  phosphorus  oxychloride 
added.  Sufl&cient  heat  was  applied  to  bring  the  phosphorus 
oxychloride  to  gentle  boiling.  As  soon  as  the  liquid  began 
to  boil,  a  yellowish  color  made  its  appearance,  and  at  the  end 
of  an  hour  all  the  anilide  had  reacted  with  the  dehydrating 
agent,  giving  rise  to  a  clear,  dark-brown  solution.  The  ex- 
cess of  phosphorus  oxychloride  was  distilled  off  under  dimin- 
ished pressure,  when  a  yellowish  mass  remained  in  the  retort. 
This  was  washed  with  water,  dried,  and  crystallized  several 

1  This  Journal,  i8,  809. 
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times  from  glacial  acetic  acid,  when  it  was  finally  obtained  in 
the  form  of  small,  bright-yellow  plates,  melting  at  199°  to  200°. 
This  is  the  dianil,  identical  with  the  product  obtained  by  the 
action  of  phosphorus  pentoxide  on  the  symmetrical  anilide. 

Action  of  Dehydrating  Agents  on  the  Unsymmetrical  Anilide. 

a.  Phosphorus  Pentoxide. — A  mixture  of  equal  parts  of  the 
unsymmetrical  anilide  and  phosphorus  pentoxide  was  heated 
to  180°  in  a  closed  test-tube  for  five  hours.  The  same  change 
was  observed  and  the  same  product  formed  as  in  the  case  of 
the  symmetrical  anilide,  but  longer  heating  was  required  than 
was  necessary  with  the  latter. 

C,H,.HN       NH.CeH,  N.C,H3 

\/  ^ 

CeH3Br<^       "^O  ^    CeH3Br<^       ^;>N.CeH,  +  H,0. 

b.  Phosphorus  Oxychloride. — The  unsymmetrical  anilide  was 
boiled  with  phosphorus  oxychloride  in  a  tubulated  retort  con- 
nected with  a  return  condenser.  At  the  end  of  an  hour,  the 
anilide  had  completely  dissolved,  giving  rise  to  a  dark-brown, 
solution.  The  excess  of  phosphorus  oxychloride  was  distilled 
off  under  diminished  pressure  and  the  yellow  residue  crys- 
tallized from  glacial  acetic  acid.  Small,  yellow  crystals  were 
obtained  identical  with  the  product  from  the  reaction  of  phos- 
phorus oxychloride  on  the  symmetrical  chloride. 

Dianil  of  Parabromorthosulphobenzoic  Acid., 

N.QH. 

// 

/^\ 
C.H.BrC  )>N.CgHg.-As  has  just  been  stated,  this  substance 

^so/ 

can  be  prepared  from  both  the  symmetrical  and  the  unsymmet- 
rical anilide  by  the  action  of  phosphorus  pentoxide  or  of  phos- 
phorus oxychloride.  It  is  obtained  the  more  easily  by  the 
latter  method.  It  must  be  regarded  as  formed  by  the  abstrac- 
tion of  the  constituents  of  i  molecule  of  water  from  each  mole- 
cule of  the  anilide.  It  is  a  beautiful,  yellow  compound,  crys- 
tallizing from  glacial  acetic  acid  in  small  plates  melting  at 
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119°  to  200°,  It  is  readily  soluble  in  alcohol,  benzene,  and 
chloroform.  If  a  solution  of  the  dianil  in  glacial  acetic  acid 
or  in  alcoholic  potash  is  boiled  for  some  time,  it  takes  up  one 
molecule  of  water  and  passes  into  the  unsymmetrical  anilide. 

0.3836  gram  substance  gave  0.2169  gram  BaSO^. 

0-3195  gram  substance  gave  0.1831  gram  BaSO^. 

0.2693  gram  substance  gave  0.0184  gram  N. 

0.2643  gram  substance  gave  0.01786  gram  N. 

0.2141  gram  substance  gave  0.4324  gram  CO,  and  0.0646 
gram  HjO. 

0.2149  gram  substance  gave  0.4337  gram  CO,  and  0.0651 
gram  H^O. 


Calculated  for 
N.CeHs 

// 

Found. 

CeHgBr/       ^N.  CeHj. 

I. 

II. 

c 

H 

N 
S 

55-20 

3-14 
6.77 
7-74 

55.08 
3-35 
6.73 
7.85 

55.04 
3.36 
6.75 
7.85 

Transformation  of  the  Anil  into  the  Symmetrical  Anilide. — 
Two  grams  of  the  anil  were  placed  in  a  tubulated  retort  con- 
nected with  a  return  condenser,  and  about  ten  times  its  weight 
of  aniline  added.  Sufficient  heat  was  applied  to  bring  the 
aniline  to  gentle  boiling.  In  an  hour  and  a  half  the  anil  was 
completely  dissolved,  the  solution  being  much  darker  than 
the  original  aniline.  The  solution  was  cooled  and  diluted 
with  twenty  times  its  volume  of  water,  and  the  excess  of  ani- 
line neutralized  with  hydrochloric  acid.  Upon  the  addition 
of  the  acid,  a  dark-brown  product  was  precipitated.  This  was 
collected  on  a  filter  connected  with  a  suction-pump,  washed 
well  with  cold  water,  and  then  with  a  dilute  solution  of  caus- 
tic soda  as  long  as  it  continued  to  be  dissolved  by  the  alkali. 
In  time  it  was  almost  completely  dissolved,  only  a  dark-brown, 
almost  black,  residue,  being  left  on  the  filter.  The  alkaline 
filtrate  was  acidified  with  hj^drochloric  acid,  and  the  white 
precipitate  formed  dissolved  in  hot  alcohol.  The  product 
crystallized  from  the  alcoholic  solution  in  short,  silky  needles 
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melting  at  235°  to  239°.     This  proved  it  to  be  the  symmetrical 
anilide  : 

CeH,Br<(         >N.CeH,  4- NH,CeH,     = 

,CO.NH.C«H, 
C,H3Br/ 

Transformation  of  the  Symmetrical  Anilide  into  the  Dianil. — 
As  has  been  described  above,  this  transformation  can  easily 
be  effected  by  heating  the  anilide  with  phosphorus  pentoxide, 
or  by  boiling  it  with  phosphorus  oxychloride  : 

N.CH, 

/CO.NH.C.H,  /  C  . 

CeH,Br<  ==     CeH3Br<         >N.C,H,  +  H,0. 

Transformation  of  the  Dianil  into  the  Unsymmetrical  Anilide. 
— This  can  be  accomplished  by  boiling  a  solution  of  the  dianil 
in  glacial  acetic  acid  or  in  alcoholic  potash.  Into  a  300  cc. 
round  flask  there  were  introduced  100  grams  of  alcohol,  2 
grams  of  caustic  potash,  and  2  grams  of  the  dianil.  The  flask 
was  connected  with  a  return  condenser  and  the  solution  boiled 
for  two  hours.  Most  of  the  alcohol  was  then  distilled  off  and 
the  remaining  solution  diluted  with  water.  The  solution  was 
acidified  with  hydrochloric  acid.  The  precipitate,  which  was 
immediately  formed,  proved  to  be  the  unsymmetrical  anilide. 

A  small  quantity  of  the  dianil  was  dissolved  in  hot  glacial 
acetic  acid  and  the  solution  boiled  for  half  an  hour.  After 
the  solution  had  cooled,  the  unsymmetrical  anilide  crystallized 
out  in  very  short  needles  along  with  some  of  the  unchanged 
dianil : 

N.CgHj  CeHj.HN      NH.C,H. 

CeH,Br/       NN.CgHj+HjO      =      C.HjBr/       \o 
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Transformation  of  the  Unsymmetrical  Anilide  into  the  Dianil. 
— As  has  already  been  described,  this  transformation  is  easily 
effected  by  heating  the  unsymmetrical  anilide  with  phos- 
phorus pentoxide  or  by  boiling  it  with  phosphorus  oxychlo- 
ride  : 

CeH^.HN      NH.CeH,  N.^H, 

\/  // 

C,H3Br<f       ^O  =      CeH3Br/       \n.C«H,  +  H,0. 

Transformation  of  the  Dianil  into  the  Anil. — Two  grams  of 
finely  powdered  dianil  were  placed  in  a  tubulated  retort  con- 
nected with  a  return  condenser,  and  about  loo  grams  of  con- 
centrated hydrochloric  acid  added.  The  acid  was  then 
boiled.  As  soon  as  the  boiling  began,  the  yellow  color  of 
the  dianil  began  to  grow  fainter,  and  in  an  hour  and  a  half  it 
had  completely  disappeared.  The  undissolved  contents  of  the 
retort  were  transferred  to  a  beaker,  diluted  with  water,  fil- 
tered, and  washed  free  from  hydrochloric  acid.  The  product 
was  dissolved  in  alcohol,  from  which  it  crystallized  in  needles 
melting  at  184°  to  185°.  This  proved  to  be  the  anil  of  para- 
bromorthosulphobenzoic  acid  : 

CeH3Br/       ^N.CeH, -f  H,0 -h  HCl     = 

CeH3Br<        >N.C,H,  +  C«H,.NH,HC1. 

It  will  be  readily  seen  that  the  above  transformations  are 
identical  with  those  described  by  Remsen  and  Hunter^  in  the 
case  of  the  corresponding  compounds  from  orthosulphobenzoic 
acid.  They  may  be  graphically  represented  by  the  following 
diagram  : 

1  Loc.  cit. 
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CeH,Br<^ 


CO. 

so/ 

Anil. 


/CO-NH.CeH,  ^N.C.H, 

\S0— NH.CeH,    ^     C,H,Br/  ^N.C.H. 

Symmetrical  anilide.  I     ^SO/ 

CH,.HN        NH.C«H, -!     I^^^^il- 

\/  t 

C,H,Br<;         \0 

Unsymmetrical  anilide. 

The  above  transformations  suggested  the  possibility  of 
passing  directly  from  one  chloride  to  the  other.  Since  in  the 
preparation  of  the  unsymmetrical  chloride  none  of  the  sym- 
metrical compound  is  every  found,  it  seemed  possible  that 
this  chloride  might  be  transformed  into  the  other  by  heating 
with  phosphorus  oxychloride. 

Five  grams  of  the  symmetrical  chloride  were  heated  with 
several  times  its  weight  of  phosphorus  oxychloride  in  a  sealed 
tube  at  130°  for  five  hours.  The  phosphorus  oxychloride  was 
then  distilled  off  under  diminished  pressure  and  the  residue 
crystallized  from  ligroin.  The  crystals  melted  at  the  same 
temperature  as  before  heating,  showing  that  no  change  had 
taken  place. 

Portions  of  each  chloride  were  next  heated  in  sealed  tubes 
in  a  sulphuric  acid-bath  at  106°  for  three  days.  As  long  as 
the  temperature  remained  above  100°,  both  chlorides  remained 
in  the  liquid  state.  At  the  end  of  three  days  the  tubes  were 
opened.  In  each  there  was  noticed  the  odor  of  hydrochloric 
acid.  Upon  the  walls  of  each  tube  was  found  a  small  quan- 
tity of  a  sublimate  which  had  collectly  mostly  in  the  form  of 
fine  needles.  That  from  the  symmetrical  compound  melted  at 
99°,  the  melting-point  of  the  symmetrical  chloride,  that  from 
the  unsymmetrical  compound,  melted  at  89°,  the  melting-point 
of  the  unsymmetrical  chloride.     The  products  in  the  tubes 
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were  then  crystallized  from  ligroin,  and  one  was  found  to  be 
the  unchanged  symmetrical  chloride,  and  the  other  the  un- 
changed unsymmetrical  chloride. 

Summary. 

By  the  experiments  recorded  above,  the  following  facts  are 
established  : 

1.  With  the  higher  melting  chloride,  ammonia  gives  only 
one  product,  parabrombenzoic  sulphinide. 

2.  With  the  lower  melting  chloride,  ammonia  gives  two 
products,  parabrombenzoic  sulphinide  and  ammonium  para- 
bromorthocyanbenzenesulphonate,  the  proportion  of  the  former 
decreasing  with  the  dilution  of  the- ammonia,  being  26  per  cent 
with  concentrated  ammonia,  15  per  cent  with  dilute  ammonia 
(i  to  3),  and  6  per  cent  with  very  dilute  ammonia  (i  to  20). 

3.  Aniline  in  the  cold  gives  with  the  higher  melting  chlo- 
ride two  products,  the  anil  and  the  fusible  anilide. 

4.  Aniline  in  the  cold  gives  with  the  lower  melting  chloride 
two  products,  the  fusible  and  infusible  anilides. 

5.  Dehydrating  agents  convert  the  anilides  into  a  dianil, 
and  only  one  dianil  is  known. 

6.  Passage  can  readily  be  effected  from  the  anil  on  the  one 
side  to  the  infusible  aniline  on  the  other  by  passing  through 
the  fusible  anilide  and  the  dianil.  On  the  other  hand,  the 
infusible  anilide  can  readily  be  converted  into  the  anil 
through  the  dianil. 

7.  The  higher  melting  chloride  is  unchanged  when  heated 
in  a  sealed  tube  with  phosphorus  oxychloride  at  130°,  and 
neither  chloride  is  appreciably  decomposed  when  kept  in  the 
liquid  state  in  a  sealed  tube  for  several  days. 

These  results  are  in  accordance  with  those  published  by 
Professor  Remsen  and  some  of  his  students  in  this  Journal 
upon  the  chlorides  of  orthosulphobenzoic  acid,  to  which  refer- 
ences have  already  been  made,  and  are  not  in  accordance  with 
the  statements  of  List  and  Stein, ^  to  which  reference  has  also 
been  made.  It  seems  that  these  chlorides  are  isomeric  and 
not  tautomeric  substances,  that  they  are  separate  and  distinct 
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from  each  other,  and  that  each  is  as  much  entitled  to  its  in- 
dividual constitutional  formula  as  any  other  stable  chemical 
compound  is.  Evidence  points  to  the  symmetrical  structure 
for  the  higher  melting  chloride,  and  to  the  unsymmetrical 
structure  for  the  lower  melting  chloride.  These  compounds 
should,  therefore,  be  represented  thus  : 

/COCl  /CCl.v 

C5H,Br<  and  C^HjEr^  >0. 

\so,ci  ^SO/ 

Symmetrical  chloride.  Unsymmetrical  chloride. 


The  remainder  of  this  article  will  be  devoted  to  a  descrip- 
tion of  the  properties  and  some  of  the  derivatives  of  three 
acids  obtained  either  directly  or  indirectly  from  the  chlorides. 
Of  these  acids,  parabromorthocyanbenzenesulphonic  acid  and 
parabromorthocarbaminesulphonic  acid  come  from  the  unsym- 
metrical chloride,  and  parabromorthosulphaminebenzoic  acid 
comes  from  the  symmetrical  chloride.  The  results  of  a  further 
study  of  parabrombenzoic  sulphinide  will  also  be  included 
here. 

Parabromorthocyanbenzenesulphonic  Acid, 

CgHjBr^  . — As  has  been  said,  when  the  unsymmetri- 

\SO,OH 
cal  chloride  is  dissolved  in  ammonia,  the  main  product  of  the 
reaction  is  the  ammonium  salt  of  parabromorthocyanbenzene- 
sulphonic  acid.  This  can  readily  be  converted  into  the 
barium  salt,  from  which  the  free  acid  can  be  obtained  by  pre- 
cipitating the  barium.  It  can  also  be  prepared  by  boiling 
with  water  parabromorthocyansulphone  chloride,  which  is 
one  of  the  products  of  the  action  of  phosphorus  pentachloride 
upon  parabrombenzoic  sulphinide.  The  acid  is  very  soluble 
in  water.  When  an  aqueous  solution  of  the  acid  is  boiled  for 
five  hours  with  dilute  hydrochloric  acid  it  remains  unchanged ; 
when,  however,  its  alkali  salts  are  boiled  for  five  hours  with 
dilute  sodium  hydroxide  or  potassium  hydroxide  they  are 
converted  into  the  sodium  or  the  potassium  salt  of  parabromor- 
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thocarbaminesulphonic  acid,  and,  if  the  boiling  is  continued 
ten  hours  longer,  they  are  partially  converted  into  the  corre- 
sponding salts  of  parabroniorthosulphobenzoic  acid.  The 
changes  are  represented  as  follows  : 

/CN  /CONH, 


C,H3Br<'  +H,0     +     C«H,Br 


\« 


SO.OK  \SO,OK 

CONH, 

SO^OK 


/CONH, 
2.  CeHjBr^  +  H,0  +  KOH 


.H,Br<^ 


COOK 

+  NH3  +  H,0. 
SO,OK 

The  other  salts  of  the  acid  are  easily  prepared  by  starting 
with  the  ammonium  salt. 

Ammonium  Parabromorthocyanbenzenesulphonate, 

CgHjBr^  . — This  salt   was  obtained  by  dissolving 

^SO.ONH, 
the  unsymmetrical  chloride  in  ammonia.     It  is  very  soluble 
in  water,  much  less  soluble  in  alcohol.     From  its  aqueous 
solution  it  crystallizes  in  small,  lustrous  plates,  which  have  an 
extremely  bitter  taste. 

0.3630  gram  substance  gave  0.2183  gram  NH,. 

0.3081  gram  substance  gave  0.1847  gram  NH3. 

Calculated  for  Found. 

/ON 
C6H3Br<  .  I.  II. 

\SO2ONH4 

NH,  6.09  6.01  6.00 

Potassium,  Parabromorihocyanbenzenesulphonate, 

CgHjBr^^  +  i^HjO. — The  potassium  salt  was  made 

^SO.OK 
by  adding  a  solution  of  potassium  carbonate  or  potassium  hy- 
droxide to  a  solution  of  the  ammonium  salt.  The  potassium 
salt,  being  much  less  soluble  than  the  ammonium  salt,  is  pre- 
cipitated. It  is  readily  soluble  in  hot  water,  but  much  less 
soluble  in  cold.  From  its  aqueous  solution  it  crystallizes  in 
fine,  silky  needles  having  a  bitter  taste. 
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0.1947  gram  substance  lost  0.0160  gram  H^O. 
0.1909  gram  substance  lost  0.0158  gram  HjO. 
0.1947  gram  substance  gave  0.0513  gram  K^SO^. 
0.1909  gram  substance  gave  0.0504  gram  KjSO^. 


Calculated  for 

F01 

md. 

^^°'^<so,ok'''*'''°- 

I. 

II. 

H,0 

8.25 

8.22 

8.27 

K 

11.92 

11.80 

11.83 

Sodium  Parabromorthocyanbenzenesulphonate, 
/CN 
CeH,Br<;  +  i^HjO.— The  sodium  salt  was  made  by 

^SO,ONa 
adding  a  solution  of  sodium  carbonate  or  sodium  hydroxide 
to  a  fairly  concentrated  solution  of  the  ammonium  salt.     It  is 
much  more  soluble  in  hot  than  in  cold  water,  and  crystallizes 
in  long,  silky  needles,  resembling  the  potassium  salt. 

0-2379  gram  substance  lost  0.0209  gram  HjO. 

0.2178  gram  substance  lost  0.0189  gram  H^O. 

0.2379  gram  substance  gave  0.0530  gram  Na,SO^. 

0.2178  gram  substance  gave  0.0492  gram  Na^SO^. 

Calculated  for  Found. 

/CN 
CeHgBrC  +  i^HjO.  I-  II. 


^SOjONa 

H,0 

8.68 

8.76 

8.72 

Na 

7-39 

7.21 

7.31 

Barium  Parabromorthocyanbenzenesulphonate, 

CN 


CgH,Br^  j,Ba  -|-  6H2O.— The  barium  salt  was  pre- 

pared by  adding  a  warm,  saturated  solution  of  barium  hy- 
droxide to  a  hot,  concentrated  solution  of  the  ammonium  salt. 
When  the  mixture  cooled,  the  barium  salt,  mixed  with  some 
of  the  ammonium  salt,  crystallized  out  of  the  solution  in  long 
needles.  After  several  crystallizations  it  was  obtained  quite 
pure  in  long,  lustrous,  rectangular  plates. 

It  can  also  be  prepared  by  neutralizing  the  free  acid  with. 
barium  carbonate.     In  this  way  it  was  once  obtained  crystal- 
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lizing  in  prisms  with  3  molecules  of  water,  as  will  be  described 
later. 

If  a  solution  of  barium  hydroxide  is  added  to  a  dilute  solu- 
tion of  the  ammonium  salt,  and  an  attempt  is  made  to  obtain 
the  barium  salt  by  evaporating  the  solution,  a  basic  salt  will 
be  precipitated.  This  is  very  diflScultly  soluble  in  cold  or  hot 
water,  and  contains  between  36  and  37  per  cent  of  barium. 

0.3166  gram  substance  gave  0.1947  gram  BaSO^. 

An  analysis  of  the  pure  barium  salt  gave  the  following  re- 
sults : 

0.2803  gram  substance  lost  0.0396  gram  HjO. 

0.2554  gram  substance  lost  0.0359  gram  H3O. 

0.2803  gram  substance  gave  0.0855  gram  BaSO^. 

0.2554  gram  substance  gave  0.0779  gram  BaSO^. 

Calculated  for  Found. 

(CsHsBr/'  KBa+eHjO.  I.  II. 

V  \so«o/ 

H^O  14.08  14-13  14-05 

Ba  17.86  17-94  17-90 

Magnesium  Parabromorthocyanbenzenesulphonate, 


(   CeH3Br<^  J, 


Mg  +  8^11^0. — The  magnesium  salt  was 


made  by  adding  to  a  solution  of  the  barium  salt  just  enough 
magnesium  sulphate  to  precipitate  all  the  barium .  It  is  readily 
soluble  in  hot  water,  much  less  soluble  in  cold,  and  from  its 
aqueous  solution  crystallizes  in  diamond-shaped  tables,  the 
crystals  often  having  a  hopper  appearance. 

0.2258  gram  substance  lost  0.0493  gram  H^O. 

0.2267  gram  substance  lost  0.0492  gram  H^O. 

0.2073  gram  substance  lost  0.0448  gram  HjO. 

0.2258  gram  substance  gave  0.0374  gram  MgSO^. 

0.2267  gram  subsrance  gave  0.0382  gram  MgSO^. 

0.2073  gram  substance  gave  0.0349  gram  MgSO^. 

Calculated  for  Fouud. 

(CsHgBr/  KMg  +  SJHoO.  I.  II.  III. 

H,0  21.88  21.88     21.71     21.61 

Mg  3.43  3-31       3-37       3-36 
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The  zinc  salt  was  also  prepared.  It  crystallizes  in  small 
plates,  and,  like  the  magnesium  salt,  contains  8.5  molecules 
of  water  of  crystallization. 

Copper  Parabromorthocyanbenzenesulphonate, 

f  /^^    \ 

(   CeHaBrr  IjCu  4-  4H,0.— The  copper  salt  was  made 

\  \so,o/ 

from  the  barium  salt  by  precipitating  the  barium  with  pure 
copper  sulphate.  It  crystallizes  in  fine  needles  or  long,  thin 
plates  of  a  delicate  blue  color.     It  is  very  soluble  in  water. 

0.2230  gram  substance  lost  0.0242  gram  H^O. 

0.2046  gram  substance  lost  0.0221  gram  HjO. 

0.2046  gram  substance  gave  0.0233  gram  CuO. 


Calculated  for  Found. 

I. 


CsHgBr/  )  aCu  +  4H2O. 

^  ^SOoO/ 


HjjO  10.90  10.85  10.81 

Cu  9.58  ....  9.22 

Parabromorthocarbaminebenzenesulphonic  Acid, 
XONH, 
CjHjBr^  . — The  free  acid  was  not  obtained  and  only 

\SO,OH 
the  sodium  and  potassium  salts  were  prepared.     When  these 
are  boiled  for  ten  hours  with  dilute  sodium  hydroxide  or 
potassium  hydroxide  they  are  partly  converted  into  the  corre- 
sponding salts  of  parabromorthosulphobenzoic  acid  : 

/CONH, 
CeH,Br<  -f-  H,0  H-  KOH     = 

\SO,OK 


C,H,Br/ 


COOK 

+  H,0  +  NH3. 
30,0K 

Sodium  Parabrontorthocarba'minebenzenesulphonaie, 

/CONH, 
CeHjBr<^  -f  ^H,0.— This  salt  was  prepared  by  boil- 

^SO.ONa 
ing  for  five  hours  a  solution  of  ammonium  or  sodium  para- 
bromorthocyanbenzenesulphonate    with    dilute    sodium    hy- 
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droxide.  The  solution  was  filtered,  evaporated  to  a  small 
volume,  and  allowed  to  stand  for  several  days  over  sulphuric 
acid,  when  the  sodium  parabromorthocarbaminesulphonate 
crystallized  out  in  short  needles  in  wart-like  clusters.  The 
salt  is  very  soluble  in  water. 

0.2041  gram  substance  lost  0.0066  gram  H^O. 

0.1919  gram  substance  lost  0.0055  gram  H^O. 

0.2041  gram  substance  gave  0.0462  gram  NajSO^. 

0-1919  gram  substance  gave  0.0439  gram  Na^SO^. 

Found. 


Calculated  for 
/CONH2 

"•^'KsO.ONa-^^^^°- 

I. 

H,0 

Na 

3-07 
7.40 

2.93 
7.33 

2.86 

7.41 

Potassium  Parahromorthocarbaminebenzenesulphonate, 
XONH, 
CjH,Br<^  . — The  potassium  salt  was  made  by  boilingf^ 

\SO,OK 
for  five  hours  a  solution  of  ammonium  or  potassium  para- 
bromorthocyanbenzenesulphonate  with  dilute  potassium  hy- 
droxide. The  solution  was  filtered,  evaporated  to  a  small 
volume,  and  allowed  to  stand  for  several  days,  when  the 
potassium  parabromorthocarbaminesulphonate  crystallized  out 
in  short  needles,  radiating  from  a  common  center. 

0.1746  gram  substance  gave  0.0479  gram  K,SO^. 

0.201 1  gram  substance  gave  0.0552  gram  K^SO^. 

0.1729  gram  substance  gave  0.0471  gram  K^SO^. 

Calculated  for  Found. 

XONHj 
CeH8Br<  .  I.  II.  III. 

\sO2OK 

K  12.26  12.36         12.33         12.24 

.COOH 

Parabromorthosulphaminebenzoic  Acid,  CjHjBr^  .  — 

This  acid  is  easily  prepared  by  hydrolyzing  parabrombenzoic 
sulphiuide.  Fifteen  grams  of  the  sulphinide  were  placed  in  a 
liter  balloon  flask  containing  0.5  liter  of  water  and  attached 
to  a  return  condenser.  A  little  more  potassium  hydroxide 
was  added  than  was  necessary  to  neutralize  the  sulphinide.- 
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"Heat  was  applied  and  the  solution  kept  gently  boiling  for  five 
hours.  It  was  then  filtered  off,  and  after  it  had  cooled 
enough  hydrochloric  acid  was  added  to  precipitate  all  the 
sulphamine  acid.  The  acid  crystallizes  in  long,  very  thin, 
lustrous  plates.  It  is  readily  soluble  in  hot  water,  but  only 
slightly  soluble  in  cold.  It  has  no  sharp  melting-point,  but 
after  being  recrystallized  several  times  it  melts  constantly  at 
192°  to  197°.  When  heated  to  127°  in  a  covered  crucible,  it 
begins  to  lose  water  of  constitution  and  pass  over  partly  into 
parabrombenzoic  sulphinide,  which  collects  in  the  top  of  the 
crucible  ;  but  this  water  unites  with  another  portion  of  the 
sulphamine  acid,  converting  it  into  the  acid  ammonium  salt 
of  parabromorthosulphobenzoic  acid,  which  does  not  sublime, 
but  remains  in  the  base  of  the  crucible.  A  portion  of  the 
sulphamine  acid  was  heated  for  thirty  hours  at  160°.  It  was 
weighed  from  time  to  time  and  found  to  be  diminishing  in 
weight  at  the  rate  of  about  a  milligram  every  three  hours. 
At  the  end  of  the  thirty  hours  only  a  small  quantity  of  the 
sulphinide  had  collected  in  the  top  of  the  crucible.  The  prod- 
uct in  the  base  of  the  crucible  was  comparatively  pure  acid 
ammonium  parabromorthosulphobenzoate.  Hence  the  loss  in 
weight  was  due  largely  to  the  subliming  of  the  sulphinide  out 
'Of  the  crucible.  The  changes  here  described  are  represented 
as  follows  : 

/COOH  /CO  V 

CeH3Br<  =     CeH3Br<         >NH  +  H,0  ; 

\S0,NH,  ^SO/ 

.COOH  /COOH 

CeH,Br<  +H,0     =     CeH,Br<; 

\SO,NH,  \SO,ONH, 

When  the  free  sulphamine  acid  is  boiled  with  dilute  hydro- 
'Chloric  acid,  it  passes  rapidly  over  into  the  acid  ammonium 
salt  of  parabromorthosulphobenzoic  acid,  but  if  the  alkali 
salts  of  the  acid  are  boiled  with  dilute  alkalies  this  hydrolysis 
does  not  take  place  even  when  the  heating  is  continued  for 
ten  hours. 

Parabromorthosulphaminebenzoic  acid  can  be  prepared  also 
by  boiling  parabrombenzoic   sulphinide   with   dilute  hydro- 
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chloric  acid,  provided  the  heating  is  not  continued  longer  than 
forty-five  minutes  : 

/CO  v  /COOH 

C,H3Br<  >NH  +  H,0     =     C6H3Br< 

^SO/  ^SO.NH, 

If  the  boiling  is  carried  on  for  a  longer  time,  the  product  is 
the  acid  ammonium  salt  of  parabromorthosulphobenzoic  acid. 

The  salts  of  the  sulphamine  acid  are  more  soluble  in  water 
than  the  free  acid.  They  are  prepared  in  the  usual  way. 
When  heated  above  150°,  they  pass  over  into  the  correspond- 
ing salts  of  parabrombenzoic  sulphinide. 

The  alkali  salts  are  very  soluble.  The  strontium,  barium, 
magnesium,  and  calcium  salts,  in  their  solubility,  follow  each 
other  in  the  order  named,  the  calcium  salt  being  but  slightly 
soluble  in  water. 

An  analysis  of  the  free  acid  gave  the  following  results  : 

0.2439  gram  substance  gave  0.2026  gram  BaSO^. 

0.2195  gram  substance  gave  o. 01 103  gram  N. 

0.2427  gram  substance  gave  0.01129  gram  N. 

Calculated  for  Found. 

xCOOH 
CsH3Br<  .  I.  II.  III. 

\sO2NH9 

S  11.42  11.38       ....        .... 

N  5.00  ....  5.02         5.06 

Calcium  Parabromorthosulphavtinebenzoate, 


(  C,H,Br/  J^ 


Ca  +  2H2O. — The  calcium  salt   crys- 


tallizes slowly  from  its  aqueous  solution  in  large  prisms  halv- 
ing hemihedral  faces. 

0.2381  gram  substance  lost  0.0135  gram  HjjO. 

0.2737  gram  substance  lost  0.0127  gram  HjO. 

0.2381  gram  substance  gave  0.0513  gram  CaSO^. 

0.2237  gram  substance  gave  0.0482  gram  CaSO^. 

Calculated  for  Found. 

/  /COO        \ 

I  CfiHsBrC  )2Ca  +  2H20.  I.  II. 

\  ^SOaNHs/ 

H,0  5-67  5.67  5-67 

Ca  6.41  6.33  6.33 
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Strontium  Parabromorthosulphaminebenzoate, 

,Sr  +  4H2O.  —  The    strontium     salt    is 


/  .COO      \ 

I  CeH.Br/  I, 

\  \S0,NHj 


much  more  soluble  than  the  calcium  salt.     From  its  aqueous 
solution  it  crystallizes  in  long,  slender  needles. 

0.2048  gram  substance  lost  0.0210  gram  H^O. 

0.2237  gram  substance  lost  0.0230  gram  H^O. 

0.2048  gram  substance  gave  0.0529  gram  SrSO^. 

0.2237  gram  substance  gave  0.0570  gram  SrSO^. 


Calculated  for 

I  CsHgBr/                 )  jSr  +  4H2O. 
V              \sO2NHj 

Found. 
I. 

II. 

H,0               10.04 
Sr                  12.17 

10.25 
12.30 

10.28 
12.13 

Barium  Parabromorihosulphaminebenzoate, 

,Ba  -f-  2H2O. — The  barium  salt  is  read- 


/  .COO       \ 

I  C,H3Br< 


ily  soluble  in  hot  water,  much  less  soluble  in  cold.     From  its 
aqueous  solution  it  crystallizes  in  short  needles. 

0-2583  gram  substance  lost  0.0124  gram  H^O. 

0.2157  gram  substance  lost  0.0104  gram  H^O. 

0.2234  gram  substance  gave  0.0716  gram  BaSO^. 

0.2157  gram  substance  gave  0.0685  gram  BaSO^. 

Calculated  for  Found. 

/  /COO       \ 

I  CfiHaBr^  )  jBa  +  2H2O.  I.  II. 

\  ^SOjNHs/ 

HjO  4.92  4.80  4.82 

Ba  18.73  18.85  18.67 

Sodium.  Parabromorthosulphaminebenzoate, 
.COONa 
CgH^Br/^  . — The  sodium  salt  is  very  soluble  in  water. 

\SO,NH, 
After  standing  over  sulphuric  acid  it   crystallizes   in  short 
needles  from  the  concentrated  solution. 

0.2084  gram  substance  gave  0.0493  gram  Na^SO^. 
0.2582  gram  substance  gave  0.0612  gram  Na^SO^. 
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Calculated  for  Found. 

xCOONa 
C6H3Br<  .  I.  II. 

\SO2NH2 

Na  7.61  7.66  7.67 

Potassium  Parabromorthosulphaminebenzoate , 
/COOK 
C8H3Br<(^  . — The  potassium  salt  is  very  soluble  even 

\SO,NH, 
in  cold  water,  but  not  so  soluble  as  the  sodium  salt.     On 
standing  over  sulphuric  acid,  it  crystallizes  from  a  concentra- 
ted solution  in  large,  rectangular  plates,  often  arranged  in 
clusters. 

0.2015  gram  substance  gave  0.0553  gram  KjSO^. 

0.2365  gram  substance  gave  0.0650  gram  K^SO^. 

Calculated  for  Found. 

/COOK 
C6H3Br<  .  I.  II. 

^SOaNHa 

K  12.26  12.29  12.31 

Magnesium  Parabromorthosuphaminebenzoate, 

/  /COO       \ 

I    CglljBr^  IjjMg  +  3HjO. — The  magnesium  salt  was 

\  \S0,NH,/ 

prepared  from  the  barium  salt  by  adding  magnesium  sulphate 
to  precipitate  all  the  barium.  It  crystallizes  in  short  needles 
arranged  in  tufts. 

0.2807  gram  substance  lost  0.0241  gram  H,0. 

0.2099  gram  substance  lost  0.0180  gram  H^O. 

0.2476  gram  substance  gave  0.0454  gram  MgSO^. 

0.2807  gram  substance  gave  0.05 11  gram  MgSO^: 

0.2099  gram  substance  gave  0.0390  gram  MgSO^. 

Calculated  for  Found. 

/  .coo      \ 

(CeHgBr/  jsMg+sHsG.       I.  II.  III. 

\  ^SOsNHa/ 

H,0  8.49  8.58        8.57 

Mg  3.77  3.66         3.64         3.71 

The  copper  salt  was  also  prepared.  It  is  insoluble  in  water 
and  is  precipitated  in  the  form  of  very  fine  needles  when  a 
solution  of  copper  sulphate  is  added  to  a  soluble  salt  of  the 
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sulphamine  acid.     When  dry,  the  salt  is  very  light,  has  a 
delicate  bluish  color,  and  exhibits  magnetic  properties. 

Action   of  Phosphorus  Pentachloride  on,   Parabrombenzoic 
Sulphinide. 

'Twenty  grams  of  parabrombenzoic  sulphinide  were  mixed 
with  an  equal  quantity  of  phosphorus  pentachloride  and 
heated  in  sealed  tubes  for  five  hours  at  180°.  The  product  of 
the  reaction  was  a  clear,  dark-brown,  oily  substance,  which 
solidified  soon  after  being  poured  into  cold  water.  The  solid 
product  was  filtered  off,  washed  thoroughly,  and  dried.  It 
had  the  characteristic  odor  of  nitriles.  Five  grams  of  this 
product  were  placed  in  a  small,  round- bottomed  flask  con- 
taining 30  grams  of  concentrated  sulphuric  acid  and  10  grams 
of  water,  the  flask  was  connected  with  an  upright  condenser, 
and  the  mixture  gently  heated  until  a  quantity  of  needle-like 
crystals  had  sublimed  in  the  neck  of  the  flask.  The  mixture 
was  allowed  to  cool,  when  a  substance  crystallized  out  in  the 
form  of  needles.  These  were  collected  on  an  asbestos  filter 
and  dissolved  in  hot  water.  When  the  solution  cooled,  only 
a  small  quantity  of  the  product  crystallized  out.  This  ap- 
peared in  the  form  of  needles  and  proved  to  be  parabromortho- 
chlorbenzoic  acid,  first  made  by  Willgerodt  and  Salzmann.^ 
The  filtrate  from  these  crystals  was  evaporated  to  a  small  vol- 
ume, and  on  cooling  solidified  almost  entirely  in  the  form  of  a 
crystalline  mass.  This  was  found  to  be  parabromorthosul- 
phobenzoic  acid,  as  was  proved  by  neutralizing  a  portion  with 
potassium  hydroxide  and  adding  to  the  concentrated  solution 
a  small  quantity  of  hydrochloric  acid.  The  acid  potassium 
salt  was  precipitated  in  small,  lustrous  plates.  Upon  analysis, 
0,3027  gram  salt  gave  0.0828  gram  KjSO^. 

Calculated  for 
/COOH 
CeHgBr^^  .  Found. 

^SOjOK 

K  12.22  12.27 

When  the  free  acid  is  recrystallized  several  times  it  can  be 
obtained  in  large,  rectangular  plates,  melting  at  117°. 

1  J.  pralct.  Chem.  [2],  39,  47°  (1889). 
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Another  portion  of  the  product  obtained  from  the  action  of 
phosphorus  pentachloride  on  the  brombenzoic  sulphinide  was 
subjected  to  distillation  with  steam.  A  product  distilled  over, 
having  the  odor  of  nitriles  and  collecting  in  fine  needles. 
This  was  proved  to  be  parabromorthochlorbenzoic  nitrile  by 
hydrolyzing  it  in  sealed  tubes  with  hydrochloric  acid.  It  was 
converted  into  parabromorthochlorbenzoic  acid. 

When,  in  the  distillation  with  steam,  the  nitrile  ceased  to 
come  over,  the  solution  in  the  flask  was  evaporated  to  a  small 
volume.  On  cooling,  this  solidified  into  a  slightly  yellowish, 
amorphous  substance.  It  was  found  to  give  an  acid  reaction. 
A  portion  of  it  was  dissolved  in  water  and  neutralized  with 
barium  carbonate.  The  excess  of  barium  carbonate  was  re- 
moved and  the  clear  solution  allowed  to  stand  several  days. 
During  this  time  a  salt  crystallized  out  in  the  form  of  prisms, 
which,  when  recrystallized,  came  out  in  the  same  form,  and 
upon  analysis  proved  to  be  barium  parabromorthocyanben- 
zenesulphonate  with  3  molecules  of  water  of  crystallization. 

0.2824  gram  substance  lost  0.0212  gram  H^O. 

0.2640  gram  substance  lost  0.0197  gram  HjO. 

0.2624  gram  substance  gave  0.0912  gram  BaSO^. 

0.2640  gram  substance  gave  0.0854  gram  BaSO^. 

Calculated  for  Found. 


(ceH3Br<^^^^),Ba+3H.O. 

X. 

XI. 

H,0 

Ba 

7-57 
19. II 

7-50 
19.03 

7.46 
19.03 

The  potassium  salt  was  also  made.  It  was  identical  with 
the  potassium  parabromorthocyanbenzenesulphonate  obtained 
from  the  corresponding  ammonium  salt,  as  has  already  been 
described. 

0.1537  gram  substance  lost  0.0128  gram  H^O. 

0.1537  gram  substance  gave  0.0410  gram  K,SO^. 

Calculated  for 
.CN 
CgHaBr*;  +  iJHoO.  Found. 

^SOcOK 

H,0  8.25  8.32 

K  11.92  11.95 
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An  attempt  to  obtain  the  barium  salt  in  the  above  form 
from  a  second  lot  of  the  acid  did  not  prove  successful.  The 
salt  crystallized  in  needles,  and  was  very  soluble  in  water. 

The  results  of  the  above  experiment  indicate  quite  clearly 
that  when  phosphorus  pentachloride  and  parabrombenzoic 
sulphinide  are  heated  in  sealed  tubes  two  products  are  formed, 
parabromorthocyanbenzenesulphone  chloride  and  parabrom- 
crthochlorbenzoic  nitrile.  Further  investigation  proved  this 
to  be  the  case.  It  was  found  that  when  the  temperature  is 
not  allowed  to  rise  higher  than  150°,  the  main  product  of  the 
reaction  is  the  bromcyansulphone  chloride  ;  when  the  tempera- 
ture is  raised  to  200°,  the  larger  part  of  the  product  is  brom- 
chlorbenzoic  nitrile.  The  reaction  probably  takes  place  in 
two  stages  : 

/CO  V  /CN 

C«H,Br<         >NH     --     C,H3Br<  ; 

^so/  \S0,C1 

/CN  /CN 

CeH,Br<  ^     C,H3Br<         +  SO,. 

\so,ci  ^Cl 

When  the  tubes  that  had  been  heated  to  200°  were  opened 
there  was  always  present  a  strong  odor  of  sulphur  dioxide. 

Parabromorthocyanbenzenesulphone  Chloride, 

yCN 

C6HjBr<^  . — This  compound  is  easily  prepared  by  heat- 

^SO.Cl 
ing  parabrombenzoic  sulphinide  with  an  equal  quantity  of 
phosphorus  pentachloride  in  sealed  tubes  at  150°.  It  can  be 
separated  from  the  nitrile  accompanying  it  by  crystallizing  it 
several  times  from  ligroin.  It  is  readily  soluble  in  hot 
ligroin,  but  only  slightly  soluble  in  cold.  It  is  very  soluble 
in  benzene  and  glacial  acetic  acid.  When  crystallized  several 
times  from  ligroin  it  can  be  obtained  in  perfectly  white  plates, 
having  no  odor  and  melting  at  82°.  When  boiled  with  water 
it  is  readily  converted  into  parabromorthocyanbenzenesul- 
phonic  acid,  and  when  heated  with  slightly  diluted  sulphuric 
acid  it  is  converted  into  parabromorthosulphobenzoic  acid. 
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0.2470  gram  substance  gave  0.2755  gram  CO,  and  0,0296 
gram  H,0. 

0,1678  gram  substance  gave  0.1963  gram  of  a  mixture  of 
AgCl  and  AgBr. 

0.1896  gram  substance  gave  0.2215  gram  of  a  mixture  of 
AgCl  and  AgBr. 

0.2822  gram  substance  gave  0.01401  gram  N. 

0.3224  gram  substance  gave  0.1625  gram  N. 

0.1678  gram  substance  gave  0.1422  gram  BaSO^. 

0.1896  gram  substance  gave  0.1593  gram  BaSO^. 


30.41 

1.33 
11.63  11-53 

4-97  5-04 

40.75  40.70 


Calculated  for 
/CN 

^•"^^<so.cr 

c 

H 

29.94 
1.06 

S 

11.41 

N 

cn 

Brl 

4.99 
41.17 

Parabromorthochlorbenzoic  Nitrile,  CgHsBrC         . — This  com- 


pound  is  readily  obtained  by  heating  parabrombenzoic  sulph- 
inide  with  an  equal  weight  of  phosphorus  pentachloride  in 
sealed  tubes  at  200°,  and  distilling  the  product  with  steam. 
The  nitrile  is  volatile  with  steam  and  collects  in  the  receiver 
in  the  form  of  fine,  white  needles.  It  is  very  soluble  in  ben- 
zene, glacial  acetic  acid,  and  ligroin.  The  product  distilled 
over  with  steam,  melts  at  51°  to  61°,  and  the  melting-point  is 
not  changed  when  it  is  redistilled.  When  the  nitrile  is  heated 
either  in  sealed  tubes  with  hydrochloric  acid  or  in  a  flask  with 
sulphuric  acid  containing  a  little  water,  it  is  converted  into 
parabromorthochlorbenzoic  acid. 

0.2439  gram  substance  gave  0.3486  gram  COj,  and  0.0324 
gram  HjO. 

0.2252  gram  substance  gave  0.3195  gram  CO,  and  0.0278 
gram  H^O. 

0.2579  gram  substance  gave  0.0161  gram  N. 

0.3286  gram  substance  gave  0.02057  gram  N. 
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0.1885  gram  substance  gave  0.2850  gram  mixture   AgCl 
and  AgBr. 


Calculated  for 

Found. 

/CN 
CeH3B<^^    . 

I. 

11. 

c 

38.80 

38.08 

38.70 

H 

1.38 

1-47 

1-37 

N 

CI  \ 
Br  j 

6.46 

6.24 

6.27 

53.34 

52.67 

.... 

Summary. 
The  principal  results  recorded  in  the  second  part  of  this 
article  may  be  summed  up  as  follows  : 

1 .  When  parabromorthocyanbenzenesulphonic  acid  is  boiled 
with  dilute  hydrochloric  acid,  it  is  not  changed.  If,  however, 
it  is  boiled  with  a  slight  excess  of  potassium  hydroxide  or 
sodium  hydroxide,  it  is  converted  into  the  potassium  or  the 
sodium  salt  of  parabromorthocarbaminesulphonic  acid, 

2.  When  parabrombenzoic  sulphinide  is  boiled  with  dilute 
hydrochloric  acid  for  forty-five  minutes,  it  is  converted  into 
parabromorthosulphaminebenzoic  acid.  When  it  is  boiled 
with  a  slight  excess  of  potassium  hydroxide  for  five  hours,  it 
is  converted  into  the  potassium  salt  of  parabromorthosulph- 
aminebenzoic acid. 

3.  When  the  alkali  salts  of  parabromorthocarbaminesul- 
phonic  acid  are  boiled  for  ten  hours  with  dilute  alkalies  they 
are  partly  converted  into  the  corresponding  salts  of  parabrom- 
orthosulphobenzoic acid. 

4.  When  parabromorthosulphaminebenzoic  acid  is  boiled 
with  dilute  hydrochloric  acid,  it  is  readily  converted  into  tlie 
acid  ammonium  salt  of  parabromorthosulphobenzoic  acid. 
When  it  is  boiled  with  a  slight  excess  of  potassium  hydroxide 
it  is  not  changed . 

5.  When  parabrombenzoic  sulphinide  is  heated  with  phos- 
phorus pentachloride  in  sealed  tubes  at  150°,  the  main  portion 
of  the  product  is  parabromorthocyansulphone  chloride.  If 
the  temperature  is  raised  to  200°,  the  larger  proportion  of  the 
product  is  parabromorthochlorbenzoic  nitrile. 
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ON  THE  ACTION  OF  ANILINE  UPON  TETRABROM- 
ORTHOBENZOQUINONE.' 

By  C.  Loring  Jackson  and  Horace  C.  Porter. 

In  continuing  the  work  on  orthoquinone,  begun  by  Koch 
and  one  of  us^*  a  few  years  ago,  we  have  studied  the  action  of 
aniline  on  the  tetrabromorthobenzoquinone,  and  have  found 
that  if  the  reaction  is  carried  on  in  alcoholic  solution  the  first 
product  must  be  dianilinodibromorthoquinone.  This  substance, 
however,  does  not  appear  as  one  of  the  products  of  the  reac- 
tion, because  of  its  great  tendency  to  form  addition-com- 
pounds, so  that  the  first  product  of  the  reaction  is  its  com- 
pound with  aniline, 

C,Br,(CeHeNH),0,C«H,NH„ 

pale-brown  needles,  melting  with  decomposition  at  121°  to 
124°,  while  later  there  is  obtained  its  compound  with  alcohol, 

C,Br,(CeH,NH),0,C,H,OH, 

yellow  plates  melting  with  decomposition  at  142°,  or,  if 
methyl  alcohol  is  used  as  a  diluent,  the  corresponding  methyl 
compound,  which  melts  at  144°  to  145°.  These  addition- 
products  are  decidedly  unstable,  the  aniline  derivative  being 
converted  into  the  alcohol  compound  by  standing  for  a  few 
minutes  with  alcohol  in  the  cold.  They  are  also  slowly  de- 
composed at  temperatures  as  low  as  60°,  and  by  digestion  at 
about  50°  with  a  mixture  of  benzol  and  ligroin.  They  can, 
on  the  other  hand,  be  recrystallized  from  benzol  without  de- 
composition, and  we  ascribe  this  difference  to  the  fact  that 
the  dianilinodibromorthoquinone  is  but  slightly  soluble  in  the 
mixture  of  benzol  and  ligroin,  whereas  it  is  freely  soluble  in 
benzol  alone.* 

The  best  method  of  obtaining  the  dianilinodibromortho- 
benzoquinone,  C6Br2(C6H5NH)202,  is  by  repeatedly  digesting 

1  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the 
Faculty  of  Arts  and  Sciences  of  Harvard  University  for  the  degree  of  Doctor  of 
Philosophy,   by  Horace  C.  Porter. 

2  This  Journal,  26,  10  (1901). 

3  Compare  the  similar  phenomena  observed  by  Niemeyer  with  nitroaniline  and 
chlorquinones.    Ann.  Chem.  (Liebig),  228,  324  (1885). 
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its  aniline  compound  with  a  mixture  of  benzol  and  ligroin. 
It  crystallizes  in  dark,  reddish-purple  needles  and  melts  at 
160°.  It  combines  easily  with  aniline  dissolved  in  benzol,  or 
with  ethyl  alcohol  to  form  the  addition-compounds  already 
described. 

The  very  slight  stability  of  these  addition-compounds  makes 
it  probable  that  they  are  hemiacetals,  or  the  corresponding 
compound  formed  by  the  addition  of  a  molecule  of  aniline  to 
one  carbonyl  group,  and  this  view  of  their  constitution  is  in 
harmony  with  the  work  of  Zincke  and  Arnst,^  Zincke  and 
Neumann,^  and  Zincke  and  Schaum,*  which  has  proved  the 
existence  of  hemiacetals  derived  from  other  substituted  ortho- 
quinones,  but,  if  they  are  hemiacetals,  it  is  strange  that  the 
addition  is  confined  to  one  of  the  carbonyl  groups.  We  hope 
that  in  the  coming  year  this  hypothesis  in  regard  to  our  sub- 
stances may  be  tested  experimentally  in  this  laboratory. 

If  the  dianilinodibromorthobenzoquinone  or  any  of  its  ad- 
dition-compounds is  left  standing  with  a  mixture  of  aniline  or 
an  aniline  salt  and  alcohol,  or  boiled  for  a  few  minutes  with 
such  a  mixture,  a  new  substance  is  formed  crystallizing  in 
very  brilliant,  jet-black  plates  and  melting  at  173°,  which 
proved,  on  analysis,  to  be  a  dianilinobromquinoneanil.  This 
is  the  substance  obtained  by  Zincke*  from  the  action  of  aniline 
on  tetrabromorthobenzoquinone,  but  not  analyzed  by  him. 
As  the  method  of  preparation  shows,  it  is  much  more  stable 
than  the  compounds  previously  mentioned  in  this  paper,  and 
is,  in  fact,  the  usual  product  of  the  reaction  of  aniline  on 
tetrabromorthoquinone  when  no  special  precautions  are  taken 
to  stop  the  action  at  the  derivatives  of  dianilinodibromortho- 
quinone.  The  stability  of  this  black  compound  suggests  the 
idea  that  it  may  be  a  derivative  of  paraquinone,  and  this  is 
essentially  proved  to  be  the  case  by  the  fact  that  an  ethereal 
solution  of  sulphurous  dioxide  converts  it  in  the  cold  into  the 
known  dianilinoparaquinoneanil  melting  at  202°  to  203°.  As 
it  is  hardly  possible  to  suppose  that  the  change  from  the  ortho 

1  Ann.  Chem.  (I<iebig),  267,  319  (1892). 
"^  Ibid.,  378,  173  (1894)- 
'  Ber.  d.  chem.  Ges.,  37,  537  (1894). 
<y*irf.,  ao,  1778  (1887). 
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to  the  para  series  would  have  taken  place  under  such  condi- 
tions, we  are  led  to  the  conclusion  that  the  black  substance  is 
already  a  para  compound,  and  that  the  action  of  the  sulphurous 
dioxide  has  consisted  only  in  the  replacement  of  the  atom  of 
bromine  by  hydrogen — a  replacement  observed  in  other  cases 
by  Stenhouse^  and  by  Earle  and  one  of  us.'  The  conclusion 
that  the  black  compound  is  a  derivative  of  paraquinone  is 
confirmed  by  the  observation  that  it  shows  none  of  the  ten- 
dency to  form  addition-compounds,  which  is  so  characteristic 
of  orthoquinones.  We  can,  therefore,  safely  consider  it  the 
dianilinobromparaquinoneanil, 

C,HBr(C,H,NH),ONCeH,. 
Such  conversions  of  ortho-  into  paraquinones  are  not  rare — 
Zincke  observed  them  in  the  action  of  aniline  on  /5-naphtho- 
quinone,'  and  on  chlor-  and  dichlor-^-naphthoquinone  *(in 
fact  he  did  not  succeed  in  isolating  the  ^-anilino  compounds) ; 
Koch  and  one  of  us^  with  the  chloroform  solution  of  ortho- 
benzoquinone.  L<iebermann®  has  given  a  satisfactory  explana- 
tion of  these  conversions,  which  take  place,  first  by  the  en- 
trance of  an  anilino  group  into  the  ring  in  the  para  position  to 
one  of  the  carbonyl  groups  ;  second,  the  hydrogen  from  this 
anilino  group  is  transferred  to  the  second  carbonyl  group 
forming  an  oxyparaquinoneanil ;  and  finally,  the  further  ac- 
tion of  aniline  replaces  the  hydroxyl  by  an  anilino  group. 
Andersen'  has  prepared  a  dianilinochlorparaquinoneanil  by 
the  action  of  aniline  on  trichlorquinonechlorimide,  which 
melts  at  195°,  a  higher  temperature  than  the  melting-point  of 
our  broni-compound.  It  may,  however,  have  a  different  con- 
stitution. 

If  the  dianilinobromparaquinoneanil  was  heated  with  ani- 
line and  alcohol  for  four  hours  it  was  converted  into  the  di- 
anilinoparaquinoneanil,^ 

1  Ann.  Chem.  (Liebig),  Supplement,  8,  20  (1872). 

2  This  Journal,  a6,  46  (1901). 

s  Ber.  d.chem.  Ges.,  14,  1493  (1881)  ;  Ibid.,  15,  481  (1882). 

*  Ibid.,  19,  2498  (1886). 

6  ThU  Journal,  a6,  33  (1901)- 

*  Ber.  d.  chem.  Ges.,  14,1664  (1881) ;  more  fully  Liebermann  and  P.  Jacobson  : 
Ann.  Chem.  (Liebig),  an,  73  (1882). 

'  J.  prakt.  Chem.  [2],  a8,  4^9  (1883). 

8  Zinclce  and  Hagen  :  Ber.  d.  chem.  Ges.,  18,  785  (1885), 
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CeH,(C,H,NH),ONCeH„ 

recognized  by  its  melting-point,  202°  to  203°,  and  crystalline 
form.  It  follows  from  this  that  dianilinodibromorthoquinone 
or  any  of  its  derivatives  will  also  give  this  compound  under 
the  same  conditions.  The  aniline  in  this  case  has  acted  only 
by  replacing  the  atom  of  bromine  b)^  hydrogen,  probably  with 
the  formation  of  tribromaniline ;  and  the  atom  of  bromine  must 
have  been  replaced  in  a  similar  way  in  the  conversion  of  the 
dianilinodibromorthoquinone  into  dianilinobromparaquinone- 
anil.  This  furnishes  two  new  examples  of  the  abnormal  re- 
placement of  bromine  by  hydrogen,  which  has  been  studied 
for  so  many  years  in  this  laboratory. 

The  constitution  of  the  dianilinoparaquinoneanil  has  been 
settled  without  much  doubt  by  the  following  series  of  trans- 
formations :  It  is  converted  into  azophenin  by  long  heating 
with  aniline  at  180°  to  200°  ;  azophenin  by  long  boiling  with 
sulphuric  acid  and  alcohol  gives  aniline  and  the  2,5-dianilino- 
quinone.^  It  follows,  therefore,  that  the  dianilinopara- 
quinoneanil has  the  structure  ^ 

Oi,NC,H,4,(C,H,NH),2,5. 
As  our  brom-compound  is  converted  into  this  so  easily,  it 
must  have  a  similar  structure  with  the  bromine  at  either  3  or 
6,  and  consequently  one  of  the  atoms  of  bromine  in  dianilino- 
dibromorthoquinone is  ortho  to  one  of  the  carbonyl  groups, 
unless,  indeed,  in  the  series  of  reactions  for  the  conversion  of 
the  ortho-  into  the  paraquinone  one  quinone  oxygen  has  been 
replaced  by  hydrogen,  which  is  such  a  strained  hypothesis 
that  it  seems  unworthy  of  consideration.  As  it  is  highly  im- 
probable that  the  dianilinodibromorthoquinone  is  unsymmetri- 
cal,  its  structure  can  be  safely  accepted  as 

0,i,2.Br3,6.(CeH,NH),4,5, 
and  this  is  the  constitution  which  would  have  been  expected, 
because,  judging  from  analogy,  the  atoms  of  bromine  para  to 
the  two  atoms  of  oxygen  would  be  most  liable  to  replacement. 
Kehrmann'  has  shown  that  in  paraquinones  two  amino  groups 

1  O.  Fischer  and  Hepp  :  Ber.  d.  chem.  Ges.,  ai,  2618  (1888). 
8  Ber.  d.  chem.  Ges.,  33,  907  (1890). 
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always  enter  the  molecule  in  the  para  position  to  each  other. 
It  would  seem  from  the  foregoing  considerations  that  this  rule 
does  not  apply  to  orthoquinone. 

Some  experiments  on  the  reduction  of  the  dianilinodibrom- 
orthoquinone  gave  products  showing  the  qualitative  tests  for 
pyrocatechin,  but  owing  to  lack  of  time  they  were  not  studied 
thoroughly. 

We  also  include  in  this  paper  the  description  of  some  work 
upon  the  reduction-product  from  hexabromorthoquinopyro- 
catechin  ether.  Koch  and  one  of  us^  found  that  this  sub- 
stance did  not  dissolve  in  sodic  hydrate,  and  there  seemed 
some  doubt,  therefore,  as  to  whether  it  really  was  the  ex- 
pected diatomic  phenol.  We  have  now  proved  that  it  con- 
tains the  hydroxy  1  group,  since  treatment  with  benzoyl  chlo- 
ride converted  it  into  a  monobenzoic  ester, 

CeBr,0ABr,0H0C0C,H5, 

a  white,  crystalline  body.  We  obtained  indications  that  a 
dibenzoic  ester  could  be  obtained  by  the  Baumann-Schotten 
method,  but  as  the  monobenzoic  ester  had  settled  the  point  in 
question  we  did  not  try  to  isolate  the  dibenzoic  ester. 

EXPERIMENTAL  PART. 

The  tetrabromorthobenzoquinone  used  in  this  work  was 
prepared  by  the  method  of  Zincke,*  that  is  the  oxidation  of 
tetrabrompyrocatechin  dissolved  in  glacial  acetic  acid,  with 
fuming  nitric  acid  also  diluted  with  glacial  acetic  acid.  The 
details  of  this  preparation  are  given  in  the  paper  by  Koch  and 
one  of  us.^  We  have  to  add  to  what  is  said  there,  that  it  is 
important  to  filter  off  the  tetrabromorthoquinone  with  the 
least  possible  delay,  as  it  decomposes  rapidly  if  left  in  contact 
with  the  oxidation  solution.  The  quinone  should  not  be 
dried  at  temperatures  above  70°,  as  it  decomposes  when  heated 
above  that  point.  Our  yields  were  somewhat  better  than 
those  obtained  by  Koch  and  one  of  us:  From  20  grams  of  pyro- 
catechin we  obtained  from  60  to  70  grams  of  tetrabrompyro- 

1  This  Journal,  a6,  36  (1901). 

2  Ber.  d.  chem.  Ges.,  ao,  1777  (1887). 

3  This  Journal,  a6,  34  (i9°i)- 
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catechin  in  place  of  59  to  63  grams,  and  30  grams  of  the  tetra- 
brompyrocatechin  gave  21  grams  of  tetrabromorthoquinone,  a 
yield  of  70  per  cent  of  the  theory  instead  of  the  60  per  cent  in 
the  earlier  work.  As  before,  the  tetrabromorthoquinone  was 
used  without  recrystallization,  because  this  was  such  a  waste- 
ful process  owing  to  the  action  of  almost  all  solvents  on  it. 
The  substance  used  by  us  melted  at  145°  to  146°  instead  of 
150°  to  151°. 

Reduction  of  the  Hexabromorthoquinopyrocatechin  Ether ^ 
C«Brp,C,Br,0,. 

In  the  previous  paper  by  Koch  and  one  of  us^  this  reduc- 
tion was  described,  and  some  account  of  the  product  was 
given.  Since,  however,  it  was  insoluble  in  sodic  hydrate  it 
did  not  seem  certain  that  this  product  contained  two  hydroxy! 
groups,  as  was  indicated  by  the  ease  with  which  it  passed 
back  to  the  original  (quinone)  substance  by  oxidation.  We 
have  therefore  taken  up  again  the  study  of  this  substance,  as 
upon  its  nature  rests  the  constitution  of  the  hexabromortho- 
quinopyrocatechin ether. 

The  red  ether  for  these  experiments  was  prepared  by  the 
method  of  Koch  and  one  of  us,  that  is  to  a  solution  of  1 1 
grams  of  tetrabromorthoquinone  and  10  grams  of  tetrabrom- 
pyrocatechin  in  470  cc.  of  glacial  acetic  acid  180  cc.  of  water 
were  added,  and  the  mixture  allowed  to  stand  twenty-four 
hours  in  a  warm  place.  The  red  precipitate  thus  formed  was 
filtered  out  and  washed  thoroughly  with  hot  alcohol.  In  this 
way  12.5  to  13  grams  were  obtained,  that  is  about  72  per  cent 
of  the  theoretical  yield.  The  reduction  of  the  ether  was  car- 
ried on  as  before.^  Five  grams  of  the  red  hexabromortho- 
quinopyrocatechin ether  suspended  in  water  were  exposed  to 
the  action  of  sodium  amalgam  for  two  or  three  days  in  a  flask, 
which  was  kept  filled  with  carbonic  dioxide.  The  product, 
which  had  changed  from  red  to  white,  was  filtered  out,  and 
turned  to  a  dull-purple  color  on  exposure  to  the  air.  It  was 
washed  with  dilute  acetic  acid,  water,  and  alcohol,  dried  at 
100°,    and  purified  by   crystallization  from  hot  nitrobenzol. 

1  This  Journal,  a6,  38  (1901), 

2  Ibid.y  a6,  38  (1901). 
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The  solvent  should  not  be  raised  to  its  boiling-point,  as  this 
causes  a  decomposition  of  the  substance.  The  pure  com- 
pound, which  we  found  melts  at  304°  to  307°,  was  dried  at  100°, 
and  analyzed  with  the  following  result : 

0-2398  gram  substance  gave  0.1885  gram  CO,  and  0.0133 
gram  HjO. 


Calculated  for 

Ci2Bre(OHo)Oj. 

Found. 

c 

20.87 

21.44 

H 

0.29 

0.62 

The  properties  of  the  substance  agreed  with  those  previously- 
observed  except  that  the  crystals  from  nitrobenzol  appeared  as 
iridescent  scales  instead  of  short  needles.  An  aqueous  solu- 
tion of  sodic  hydrate  does  not  dissolve  it,  as  observed  in  the 
earlier  work,  but  turns  it  dark-purple.  An  alcoholic  solution 
of  sodic  hydrate  seems  to  decompose  it  very  thoroughly,  as 
oxalic  acid  was  the  only  product  recognized. 

Action  of  Benzoyl  Chloride  on  the  Reduction-product. 

In  order  to  obtain  the  object  of  this  work — the  testing  of 
the  body  for  hydroxyl  groups — we  next  treated  it  with  ben- 
zoyl chloride.  One  gram  of  the  purplish  crystals  of  the  re- 
duced substance  was  moistened  with  2  to  3  cc.  of  benzoyl 
chloride  and  warmed  gently  till  the  reaction  had  started,  as 
shown  by  effervescence.  On  cooling,  the  whole  solidified  to  a 
pulf)y  mass  of  white  crystals,  which  was  warmed  twice  more 
with  fresh  portions  of  benzoyl  chloride  in  order  to  complete 
the  reaction.  The  crystals  thus  obtained  were  treated  with  a 
large  amount  of  hot  alcohol,  washed  with  hot  alcohol,  and  re- 
crystallized  twice  from  hot  nitrobenzol,  after  which  they  were 
washed  with  alcohol,  dried  at  100°  and  analyzed  with  the  fol- 
lowing result : 

0.1483  gram  substance  gave,  by  the  Carius  method,  0.2095 
gram  AgBr. 

Calculated  for 
Ci2Br602(OH)(OCOC6H5).  Found. 

Br  60.45  60.12 

There  can  be  no  doubt,  therefore,  that  the  substance  is  a 
monobenzoyl  derivative   of  the   reduced    substance,   which, 
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therefore,  contains  hydroxyl  groups.  The  yield  was  good, 
as  from  i  gram  of  the  original  substance  0.6  gram  of  the  ben- 
zoic ester,  purified  by  recrystallization,  was  obtained.  At- 
tempts to  make  the  dibenzoyl  compound  by  the  Baumann- 
'Schotten  method  gave  mixtures  of  varying  composition. 

Properties  of  the  Monobenzoyl  Ester  of  the  Hexabromorthodi- 
oxypyrocatechin  Ether. — It  is  a  white,  crystalline  substance 
melting  at  316°  to  318°.  It  is  essentially  insoluble  in  the  com- 
mon solvents,  although  very  slightly  soluble  in  benzol  or  ace- 
tone ;  soluble  in  nitrobenzol,  which  is  the  best  solvent  for  it. 

Action  of  Hydrobromic  Acid  on  the  Hexabromorthoquinopyro- 
catechin  Ether. 
The  behavior  of  the  ether  with  hydrobromic  acid  was 
analogous  to  that  with  hydrochloric  acid,  already  observed  by 
Koch  and  one  of  us.^  Five-tenths  gram  of  the  red  ether  was 
heated  in  a  sealed  tube  to  100°,  for  twenty-four  hours,  with  5 
to  6  cc.  of  distilled  hydrobromic  acid  (boiling  at  126°).  The 
products  were  bromine,  recognized  by  its  smell,  and  the 
formation  of  a  blue  color  with  potassic  iodide  and  starch,  a 
purplish  solid  looking  like  the  reduction-product  with  sodium 
amalgam,  not  melting  below  300°,  and  converted  by  nitric 
acid  into  the  original  red  ether — properties  which  identify  it 
as  the  hexabromorthodioxypyrocatechin  ether — and  a  white, 
crystalline  substance,  soluble  in  hot  water  and  recognized  as 
a  substituted  pyrocatechin  by  the  green  color-test  with  ferric 
chloride.  The  amount  of  this  latter  body  was  not  very  great, 
but  by  oxidizing  the  reduction- product  with  nitric  acid  and 
heating  again  with  hydrobromic  acid  more  of  it  was  obtained, 
so  that  it  was  evident  that  a  sufficient  number  of  such  treat- 
ments would  convert  the  ether  completely  into  this  substitu- 
ted pyrocatechin  (probably  tetrabrompyrocatechin).  In  this 
respect  the  hydrobromic  acid  reduction  was  entirely  analo- 
gous to  the  reduction  with  sodium  amalgam  described  by 
Koch  and  one  of  us. 

Action  of  Aniline  on  Tetrabromorthoquinone. 
After  a  number  of  experiments  we  found  that  the  anilino 

»  This  Journal,  a6,  40  (1901). 
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derivatives  of  tetrabromorthoquinone  were  most  conveniently 
prepared  as  follows  :  A  solution  of  5  grams  of  tetrabromor- 
thoquinone in  100  cc.  of  alcohol  was  added  to  a  cold  mixture 
of  7.5  grams  of  aniline  and  100  cc.  of  alcohol,  in  small  portions 
at  a  time,  with  vigorous  stirring.  A  light-brown,  very  bulky 
precipitate  formed  at  once,  which  rendered  the  liquid  so  pasty 
by  the  time  half  the  quinone  had  been  added  that  it  was  best 
to  filter  out  the  precipitate  with  the  pump  and  continue  the 
addition  of  the  rest  of  the  quinone  to  the  filtrate.  Upon  stir- 
ring the  mixture  of  quinone  and  the  filtrate,  a  yellow  body 
crystallized  out  in  the  track  of  the  rod  on  the  sides  of  the 
beaker,  and  the  light-brown  substance  at  first  mentioned  was 
converted  into  this  same  yellow  compound  if  it  was  allowed  to 
stand  in  contact  with  the  liquid  for  half  an  hour  or  less.  The 
alcoholic  filtrate  from  the  yellow  crystals,  if  allowed  to  stand 
over  night  at  ordinary  temperatures,  or  if  boiled  for  a  few 
minutes,  deposited  lustrous,  black  crystals  of  a  third  com- 
pound, but,  if  the  filtrate  was  boiled  for  about  four  hours,  it 
formed  reddish-brown  crystals  of  the  dianilinoparaquinone- 
anil.  Of  the  four  products  obtained  from  this  reaction,  the 
last  two  are  derivatives  of  parabenzoquinone.  The  first  two 
are  derivatives  of  dianilinodibromorthobenzoquinone,  and  it 
will  be  well,  therefore,  to  describe  this  compound  before  con- 
sidering its  derivatives. 

Dianilinodibromorthobenzoquinone,  C6Br2(CgH5NH)202.-This 
substance  was  most  conveniently  made  from  the  pale-brown, 
voluminous  precipitate,  which  formed  the  first  product  of  the 
action  of  aniline  in  alcoholic  solution  on  the  tetrabromortho- 
quinone (see  the  preceding  section).  This  is  an  addition- 
compound  of  the  dianilinodibromorthoquinone  and  aniline. 
To  remove  the  additional  aniline,  the  precipitate  was  allowed 
to  dry  at  ordinary  temperatures  to  get  rid  of  the  adhering 
alcohol,  and  then  heated  to  about  50°  with  a  mixture  of  5 
parts  of  benzol  and  i  part  of  ligroin.  After  heating  for  a  few 
minutes,  the  substance  had  changed  from  pale-brown  to  red- 
dish-purple, the  solid  was  then  filtered  out  and  digested  in 
the  same  way  with  a  fresh  quantity  of  the  mixture  of  benzol 
and  ligroin,  and  these  digestions  with  fresh  portions  of  the 
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mixed  solvents  were  repeated  three  or  four  times,  after  which 
the  substance  was  purified  by  crystallization  from  the  boiling 
benzol  and  ligroin  mixture  (5:1)  until  it  showed  the  con- 
stant melting-point  160°.  The  first  benzol  and  ligroin  filtrates 
obtained  in  this  process  deposited  some  of  the  pale-brown  ad- 
dition-compound on  standing  and  contained  aniline.  The 
substance  melting  at  160°  was  dried  at  100°  and  analyzed  with 
the  following  results  : 

I.  0.3216  gram  substance  gave  17.2  moist  N  at  16°  and  776 
mm.  pressure. 

II.  0.2054  gram  substance  gave,   by  the  Carius  method, 
0.17 17  gram  AgBr. 

III.  0.2447  gram  substance  gave  0.2063  gram  AgBr. 


Calculated  for 

Found. 

CgBr2(C6H5NH)202. 

I. 

II. 

N 

6.25 

6.29 

.  .  .. 

Br 

35.71 



35-57 

35.88 

Properties  of  Dianilinodibromorthobenzoquino7ie. — It  crystal- 
lizes from  benzol  in  pointed  needles  of  a  dark,  reddish-purple 
color.  It  melts  at  160°,  and  is  easily  soluble  in  benzol,  glaci^ 
acetic  acid,  or  acetone  ;  slightly  soluble  in  alcohol  or  ether; 
very  slightly  soluble  in  ligroin.  The  best  solvent  for  it  is  a 
boiling  mixture  of  benzol  and  ligroin.  Strong  hydrochloric 
acid  has  almost  no  effect  upon  it.  Strong  nitric  acid  dis- 
solves it  with  decomposition  ;  strong  sulphuric  acid  dissolves 
it  with  a  yellowish-green  color ;  hot  sodic  hydrate  solution 
dissolves  it  with  decomposition.  Tin  and  hydrochloiic  acid, 
or  a  solution  of  sulphurous  acid,  reduces  it  easily  to  a  sub- 
stance giving  tests  for  pyrocatechin.  Its  most  striking  prop- 
erty is  the  ease  with  which  it  forms  addition-compounds  with 
aniline  or  alcohols,  some  of  which  are  described  in  the  follow- 
ing sections. 

Addition-compound  of  Aniline  and  Dianilinodibromortho- 
quinone,  Q.^r^{Sl^^Yi)f)fl^^YL.^.—i::h\s  substance  is  the 
pale-brown  precipitate  formed  at  first  by  the  action  of  aniline 
on  tetrabromorthoquinone  in  alcoholic  solution.  For  analysis 
it  was  purified  by  two  crystallizations  from  boiling  benzol. 
This  method  of  purification  seems  strange  when  it  is  remem- 
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bered  that  the  body  is  decomposed  into  aniline  and  dianilino- 
dibromorthoquinone  by  treatment  with  benzol  and  ligroin  at 
50°.  The  most  probable  explanation  is  that  the  product  is  de- 
composed by  solvents  in  which  the  dianilinodibromortho- 
quinone  is  only  slightly  soluble,  whereas  solutions  in  benzol 
and  similar  solvents,  in  which  the  quinone  is  freely  soluble, 
deposit  the  unaltered  addition-compound.  For  analysis,  it 
was  dried  in  vacuo. 

I.  0.1970  gram  substance  gave,  on  combustion,  0.3868 
gram  CO,  and  0.0700  gram  H^O. 

II.  0.2502  gram  substance  gave,  by  the  Carius  method, 
0.1731  gram  AgBr. 

Calculated  for  Found. 

C6Br2(CoH6NH)s02C6H5NH5.  I.  II. 

C  53-23  53-56 

H  3-51  3-95 

Br  29.57  ••••  29.45 

The  results  of  this  analysis  are  confirmed  by  the  following 
observations  :  In  converting  the  addition-compound  into  di- 
anilinodibromorthoquinone  by  digestion  with  benzol  and 
ligroin,  the  filtrates  were  found  to  leave  a  residue  of  aniline  on 
evaporation.  The  aniline  was  recognized  by  giving  a  soluble 
chloride,  the  isonitrile  reaction  with  chloroform  and  potassic 
hydrate,  and  forming  again  the  addition-compound  when 
treated  with  tetrabromorthoquiuone.  The  addition-compound 
is  also  easily  made  by  boiling  the  dianilinodibromorthoquinone 
with  the  calculated  amount  of  aniline  dissolved  in  benzol. 

Properties  of  Q^'B,r^{(i^YL^YL)f^^^^^YL^.—\X  crystallizes 
from  boiling  benzol  in  pale-brown,  long,  fine  needles.  It  be- 
gins to  lose  aniline  if  warmed  for  some  time  at  50°  to  60°,  but 
the  product  does  not  seem  to  be  the  dianilinodibromortho- 
quinone, apparently  because  the  aniline  acts  further  upon  it 
at  this  temperature.  If  heated  rapidly,  it  melts  with  decom- 
position between  121°  and  124°.  The  slight  stability  of  the 
substance  is  also  shown  by  its  complete  decomposition  by  the 
action  of  a  solvent-like  benzol  and  ligroin  (5  :  i),  in  which  the 
dianilinodibromorthoquinone  is  only  slightly  soluble.  It  is 
also  decomposed  by  hot  glacial  acetic  acid,  or  even  by  boiling 
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with  water.  It  is  freely  soluble  in  alcohol,  benzol,  or  ace- 
tone, although  the  alcohol  solution  gradually  decomposes  in 
the  way  described  in  the  next  section  ;  slightly  soluble  in 
ether  or  ligroin.  Strong  hydrochloric  acid  decomposes  and 
dissolves  it  (difference  from  the  dianilinodibromorthoquinone); 
strong  nitric  acid  also  dissolves  it  with  decomposition  ;  strong 
sulphuric  acid  dissolves  it  with  a  yellowish-green  color  ;  hot 
sodic  hydrate  solution  dissolves  it  with  decomposition. 

Addition-compound  of  Dianilmodibroniorthobeyizoquinone  with 
Ethyl  Alcohol,  Q^x^{Q^^YL)^O^^^^OYL.—'T\i^  yellow  pre- 
cipitate formed  during  the  action  of  aniline  and  alcohol  on 
tetrabromorthoquinone  was  this  body.  It  was  also  easily  ob- 
tained by  moistening  the  dianilinodibromorthoquinone  or  its 
aniline  addition-compound  with  ethyl  alcohol,  and  allowing 
the  mixture  to  stand  for  several  days.  It  was  purified  by 
crystallization  from  warm  benzol,  care  being  taken  that  the 
temperature  did  not  rise  above  50°.  After  two  such  recrys- 
tallizations  it  was  dried  in  vacuo  and  analyzed  with  the  fol- 
lowing results  : 

I.  0.3604  gram  substance  gave  19.2  cc.  moist  N  at  18°  aifd 
768  mm.  pressure. 

II.  0.1644  gram  substance  gave,  by  the  Carius  method, 
0.1247  gram  AgBr. 

III.  0.1 717  gram  substance  gave  0.1294  gram  AgBr. 

IV.  0.1548  gram  substance  gave  0.1175  gram  AgBr. 
V.  0.2167  gram  substance  gave  0.1647  gram  AgBr. 

Calculated  for  Found. 

C6Br2(C6H5NH)202C2H60H.  I.  II.  III.  IV.  V. 

N  5.67  6.22         

Br  32.39  32.28     32.08     32.32     32.34 

For  greater  certainty  the  amount  of  ethyl  alcohol  in  it  was 

determined  by  Zeisel's  method^  with  the  temperature  of  the 

baths  modified  to  correspond  with  ethyl  iodide. 

0.3124  gram  substance  gave,  by  Zeisel's  method,   0.1608 

gram  Agl. 

Calculated  for 
C6Brj(C6H6NH)»02C2H60H.  Found. 

OC^Hj  9.  II  9-83 

1  Monatsh.  Chem.,  6,  986;  7,406;  orSitzber.  Akad.  Wiss.  Wien.,  9a  [2],  1431  ;  94 
(2],  341. 
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Properties  of  C6Br,(CeH5NH),0,CjH50H.— It  crystallizes 
from  benzol  in  bright-yellow  plates  of  about  the  color  of 
plumbic  chromate.  These  plates  are  oblong  and  nearly  rec- 
tangular, but  careful  observation  shows  that  the  short  sides 
consist  of  two  planes  at  a  reentering  angle  so  obtuse  that  they 
might  easily  be  mistaken  for  a  straight  line.  If  heated 
rapidly,  it  melts  fairly  constantly  at  142",  but  this  melting  is 
accompanied  by  decomposition,  as  the  substance  turns  black 
and  increases  in  volume.  The  melting-point,  therefore,  is 
much  influenced  by  the  length  of  the  heating,  and  is  the  same 
only  when  care  is  taken  to  make  the  conditions  the  same. 
The  substance  decomposes  by  long  heating  at  temperatures 
far  below  its  melting-point,  and  this  decomposition  was  studied 
as  follows  :  About  0.3  gram  of  the  body,  carefully  dried  in  a 
current  of  air  and  in  vacuo,  was  heated  in  a  small  test-tube 
provided  with  a  narrow  air-condenser  dipping  under  a  few 
drops  of  water.  After  heating  to  110°  to  125°  for  nearly  three 
hours,  drops  of  a  colorless  liquid  were  observed  in  the  con- 
denser. These  were  washed  out  with  very  little  water  and 
tested  with  iodine  and  potassic  hydrate  for  ethyl  alcohol. 
The  presence  of  iodoform  was  established  by  the  yellow  color 
and  the  odor,  so  there  can  be  no  doubt  that  alcohol  had  dis- 
tilled off.  The  solid  residue  in  the  test-tube  was  blackened 
and  partially  fused,  and  after  one  crystallization  from  the 
mixture  of  benzol  and  ligroin  (5:1)  melted  at  a  higher  tem- 
perature (150°  to  160°)  than  the  original  substance.  We  did 
not  attempt  to  isolate  the  dianilinodibromorthoquinone  from  it. 

In  a  second  experiment,  the  temperature  was  kept  at  90°  to 
95°,  and  the  substance  heated  in  a  watch-glass  to  determine 
the  amount  of  alcohol  given  off.  The  weighings  were  taken 
at  intervals  of  two  or  three  hours,  and  showed  a  fairly  rapid 
loss  for  the  first  twenty-three  hours,  when  it  amounted 
to  9.8  per  cent.  If  C6Br,(C6H5NH)20,C,H50H  loses  the  i 
molecule  of  ethyl  alcohol,  the  loss  would  be  9.31  percent. 
After  the  twenty-third  hour,  the  amount  of  loss  in  three  hours 
diminished  to  a  very  marked  extent,  but  continued  heating 
caused  a  slight  additional  loss  up  to  forty-eight  hours,  when 
the  experiment  was  stopped.     It  seems,  therefore,  that  the 
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alcohol  is  given  off  fairly  rapidly  and  completely  even  at  this 
low  temperature,  and  that  this  escape  of  the  alcohol  is  ac- 
companied by  a  gradual  decomposition  of  the  residual  quinone. 
A  loss  of  alcohol  from  this  substance  was  observed  even  at  60°. 

The  substance  dissolves  very  freely  in  acetone  ;  it  is  mod- 
erately soluble  in  alcohol,  ether,  or  benzol  ;  very  slightly  sol- 
uble inligroin.  Hot  glacial  acetic  acid  dissolves  it  with  de- 
composition, shown  by  the  dark-purple  color  of  the  solution, 
and  it  is  also  decomposed  by  continued  boiling  of  its  solu- 
tions, as  would  be  expected  when  the  slight  stability  of  the 
substance  toward  heat  is  remembered.  A  boiling  mixture  of 
benzol  and  ligroin  (5  :  i)  is  especiall)^  well  adapted  to  bring 
about  this  change.  Strong  hydrochloric  acid  dissolves  it, 
and  aqueous  sodic  hydrate,  when  hot,  has  the  same  effect. 

Addition- compowid  of  Dianilinodibromorthobenzoquinone  and 
Methyl  Alcohol,  CeBr,(CeH5NH),0,CH,0H.— This  substance 
was  made  by  the  action  of  aniline  on  tetrabromorthoquinone 
dissolved  in  methyl  alcohol.  This  method  of  preparing  it  is 
better  than  moistening  the  dianilinodibromorthoquinone  with 
methyl  alcohol,  as  in  that  case  the  product  dissolves  in  the 
methyl  alcohol. 

0.2902  gram  substance  gave,  by  the  Carius  method,  0.2269 
gram  AgBr. 

Calculated  for 
C6Br2(C6H5NH)20aCH80H.  Found. 

Br  33.33  33.28 

It  resembles  the  corresponding  ethyl  compound  in  most  re- 
spects, but  has  a  somewhat  lighter  yellow  color,  and  melts 
with  decomposition  at  144°  to  145°,  that  is  a  few  degrees 
higher  than  the  ethyl  alcohol  addition-product. 

Dianilinobromparaguinoneanil,  CgH Br  ( CgH^NH )  jONCgHj.  — 
This  is  the  product  most  easily  obtained  by  the  action  of  ani- 
line on  tetrabromorthoquinone,  as  it  is  stable  enough  to  re- 
quire in  its  preparation  no  particularly  careful  attention  to  de- 
tail, such  as  is  necessary  in  making  the  orthoquinone  com- 
pounds just  described,  and,  further,  all  these  orthoquinone 
derivatives  are  converted  easily  into  this  dianilinobrompara- 
quinoneanil. 
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It  was  most  easily  prepared  by  the  method  given  under  the 
heading,  Action  of  Aniline  on  Tetrabromorthoquinone,  that  is 
by  allowing  the  alcoholic  filtrate  from  the  aniline  addition- 
compound  of  dianiliuodibromorthoquinone  to  stand  for  several 
hours,  or  more  quickly  by  boiling  it  for  a  few  minutes.  Other 
methods  of  preparation  were  :  Boiling  dianiliuodibromortho- 
quinone or  its  addition-compounds  with  alcohol  and  a  little 
aniline  for  a  short  time.  Adding  aniline  to  a  cold  benzol 
solution  of  tetrabromorthoquinone,  when  a  precipitate  was 
formed  consisting  of  the  aniline  addition-compound  of  di- 
aniliuodibromorthoquinone and  aniline  chloride.  On  boiling 
this  precipitate  with  a  mixture  of  alcohol  and  benzol  it  was 
converted  into  the  dianilinobromparaquinoneauil.  Finally, 
by  adding  aniline  to  a  boiling  solution  of  tetrabromortho- 
quinone in  alcohol  or  in  glacial  acetic  acid.  It  was  purified  by 
recrystallization  from  a  boiling  mixture  of  equal  parts  of  ben- 
zol and  methyl  alcohol  until  it  showed  the  constant  melting- 
point  173°,  when  it  was  analyzed  with  the  following  results  : 

I.  0.1 198  gram  substance  gave,  on  combustion,  0.2875  gram 
CO2  and  0.0509  gram  H^O. 

II.  0.3685  gram  substance  gave  31.5  cc.  moist  N  at  26°. 5 
and  772  mm.  pressure. 

III.  0.2422  gram  substance  gave,  by  the  Carius  method, 
0.1027  gram  AgBr. 


Calculated  for 

Found 

C6HBr(C6H5NH)20NC6H5. 

I. 

II. 

C              64.86 

65-45 



H                4.05 

4.72 



N                9.46 

.... 

9-59 

Br             18.02 

.... 

.... 

18.04 

The  molecular  weight  was  also  determined  by  the  freezing- 
point  method  in  benzol. 

I.  0.281 1  gram  substance,  in  20  grams  benzol,  produced  a 
depression  A  =  0°.  185. 

II.  0.1245   gram   substance   produced   a    depression  A  ■=. 
o°.o73. 

Calculated  for  Found. 

C«HBr(CeH6NH)sONCsH8.  I.  II. 

Mol.  wt.  444  372  418 
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These  results  leave  no  doubt  as  to  the  formula  of  the  com- 
pound. Our  reason  for  assigning  it  to  the  para  rather  than 
the  ortho  series  is  that  an  ethereal  solution  of  sulphurous  di- 
oxide in  the  cold  converts  it  into  the  known  dianilinopara- 
quinoneanil,  and  it  seems  improbable  that  a  passage  from  the 
ortho  to  the  para  group  could  take  place  under  such  condi- 
tions. This  conclusion  is  supported  by  the  fact  that  it  does 
not  show  the  strong  tendency  to  form  addition-products, 
which  is  so  characteristic  of  the  orthobenzoquinone  deriva- 
tives. The  mechanism  of  the  change  from  the  ortho  to  the 
para  compound  is  discussed  in  the  introduction  to  this  paper. 

Properties  of  Diayiilinobromparaquinoneanil . — It  crystallizes 
from  a  mixture  of  benzol  and  alcohol  in  jet-black  plates  with 
an  uncommonly  brilliant  luster.  Thin  plates,  under  the 
microscope,  have  a  dark  yellowish-brown  color,  which  be- 
comes black  when  the  plate  is  of  ordinary  thickness.  The 
plates  are  shaped  like  spear-heads,  that  is  they  have  a  sharp, 
rhombic  form  with  a  slight  reentering  angle  on  each  side.  Its 
melting-point  was  found  to  be  173°.  It  is  freely  soluble  in 
benzol,  glacial  acetic  acid  or  acetone  ;  moderately  soluble  in* 
ethyl  or  methyl  alcohol  or  in  ether  ;  it  is  decomposed  by  re- 
crystallization  from  alcohol  ;  very  slightly  soluble  in  ligroin. 
The  best  solvent  for  it  is  a  mixture  of  equal  parts  of  benzol 
and  methyl  alcohol.  Hot,  strong  hydrochloric  acid  dissolves 
it  slowly  with  a  greenish  color  ;  strong  nitric  acid  dissolves  it 
with  decomposition  ;  strong  sulphuric  acid  dissolves  it  with  a 
dark  purplish-red  color,  which  distinguishes  it  from  the  ortho 
compounds  described  earlier  in  this  paper,  as  these  impart  a 
greenish-yellow  color  to  strong  sulphuric  acid.  Sodic  hydrate 
has  no  apparent  effect  on  it,  hot  or  cold.  Ether  saturated 
with  sulphurous  dioxide  decolorizes  it  and  deposits  crystals 
of  dianilinoparaquinoneanil.  The  same  change  is  brought 
about  by  boiling  it  for  some  time  with  aniline  or  chloride  of 
aniline  and  alcohol,  and  probably  more  slowly  by  boiling  with 
alcohol  alone.  A  sample  moistened  with  methyl  alcohol, 
after  standing  for  several  weeks,  had  the  melting-point  of  the 
original  substance,  showing  that  it  does  not  form  addition- 
compounds. 


534  Jackson  a?id  Porter. 

Formation  of  Dianilinoparaquinoneanil , 
C6H,(CeH5NH),ONC5H5.— As  has  been  already  stated,  this 
substance,  discovered  by  Zincke  and  Hagen*  in  1885,  was  the 
final  product  of  the  action  of  aniline  on  tetrabromorthoquinone 
in  alcoholic  solution.  We  have  obtained  it  in  the  course  of 
our  work  in  the  following  ways  :  Boiling  for  four  hours,  the 
alcoholic  filtrates  from  the  preparation  of  the  aniline  addition- 
compound  of  dianilinodibromorthoquinone ;  boiling  any  of 
the  orthoquinone  derivatives  described  in  this  paper  with 
alcohol  and  aniline  for  several  hours  ;  boiling  the  dianilino- 
broraparaquinoneanil  with  aniline  and  alcohol  for  several 
hours ;  or  treating  it  in  the  cold  with  a  saturated  ethereal 
solution  of  sulphurous  dioxide. 

The  identification  of  this  substance  gave  us  a  great  deal  of 
trouble.  The  pure  substance  melts,  according  to  Zincke  and 
Hagen,  at  202°  to  203°,  but  after  many  recrystallizations  from 
a  mixture  of  equal  parts  of  benzol  and  alcohol  we  could  not 
raise  the  melting-point  of  our  preparations  above  199°. 
Finally,  however,  by  repeated  crystallization  from  methyl 
alcohol,  we  succeeded  in  eliminating  the  impurity  and  raising 
the  melting-point  to  202°  to  203°.  To  establish  the  identity 
of  our  substance  beyond  doubt  it  was  compared  with  some  di- 
anilinoparaquinoneanil  made  fromparaquinone  by  the  method 
of  Zincke  and  Hagen.  This,  like  our  specimen  from  the 
tetrabromorthoquinone,  melted  obstinately  at  about  199°,  and 
could  be  raised  to  its  true  melting-point  only  with  great  diffi- 
culty. On  comparing  the  two  specimens,  the  only  difference 
observed  was  a  slight  one  in  color,  our  specimen  was  purple, 
that  made  by  Zincke  and  Hagen's  method  dark-brown.  The 
crystalline  habit  of  the  two  was  exactly  alike.  From  a  mix- 
ture of  benzol  and  alcohol  both  deposited,  at  first,  two  slender 
needles,  crossing  almost,  but  not  quite,  at  a  right  angle. 
These  two  needles  then  became  crossed  by  a  large  number  of 
shorter  needles,  apparently  at  right  angles  to  the  main  needle, 
and  lying  as  close  together  as  the  teeth  of  a  comb — a  very 
characteristic  form.  From  alcohol  alone  both  gave  bunches 
or  sheaves  of  very  long,  fine  needles.     There  can  be  no  doubt, 

1  Ber.  d.  chem.  Ges.,  i8,  787  (1885). 
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therefore,  that  our  substance  is  the  dianilinoparaquinoneanil. 
We  may  add  that  it  formed  no  addition-compound  with 
methyl  alcohol  even  after  standing  with  it  for  several  weeks. 

Reduction  of  Dianilinodibromorthoquinone . 

Our  experiments  in  this  direction  were  left  in  an  unfinished 
state  because  of  the  pressure  of  other  more  important  work. 
We  think  it  best,  however,  to  give  a  brief  statement  of  the 
results  obtained,  and  hope  that  this  branch  of  the  work  will 
be  continued  in  this  laboratory  in  the  near  future. 

Tin  and  hydrochloric  acid  reduced  the  ethyl  alcohol  addi- 
tion-compound of  the  dianilinodibromorthoquinone  to  a  white 
body,  which  we  did  not  succeed  in  purifying,  but  which  gave 
tests  for  a  pyrocatechin  with  plumbic  acetate  and  ferric  chlo- 
ride. 

Sulphurous  dioxide  reduces  tetrabromorthoquinone  to  tetra- 
brompyrocatechin,  either  in  aqueous  or  ethereal  solution,  ap- 
parently quantitatively.  With  dianilinodibromorthoquinone, 
the  aqueous  solution  of  sulphurous  dioxide  turned  yellow, 
and  left,  on  evaporation,  a  partially  crystalline  residue,  which 
gave  a  test  for  a  pyrocatechin  with  ferric  chloride,  but  the 
yield  was  exceedingly  small,  as  the  greater  part  of  the  quinone 
was  left  unaltered. 

Sulphurous  dioxide  in  ethereal  solution  yielded  more  prom- 
ising results.  A  saturated  solution  of  dianilinodibromortho- 
quinone in  anhydrous  ether  (dried  over  sodium)  was  satura- 
ted with  sulphurous  dioxide,  when,  on  standing,  rosettes  of 
dark-green  needles  separated  on  the  walls  of  the  vessel.  As 
it  was  too  unstable  to  admit  of  recrystallization,  the  crystals 
were  purified  by  washing  with  ether.  Upon  repeating  this 
experiment  we  did  not  succeed  in  obtaining  this  green  sub- 
stance again,  and  have  not  yet  been  able  to  give  the  time 
necessary  to  discover  the  proper  conditions  for  preparing  it 
with  certaint}'.  It  forms  rosettes  of  small,  green  needles, 
which  melt  at  186°  to  188°.  It  is  decidedly  unstable,  as, 
when  heated,  it  turns  dark-red,  and  solution  in  alcohol  pro- 
duces the  same  change  of  color.  The  green  color,  the  insta- 
bility, and  the  easy  conversion  into  a  red  body  all  point  to  its 
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being  formed  by  the  reduction  of  part  of  the  quinone  to  a 
pyrocatechin,  which  then  combines  with  some  of  the  unre- 
duced quinone  to  form  a  substance  analogous  to  quinhydrone. 
The  substance  dried  in  vacuo  gave  the  following  result  on 
analysis  : 

0.1644  gram  substance  gave,  by  the  Carius  method,  0.0834 
gram  AgBr. 

Calculated  for 
CHBr(C6H6NH)20oCoHBr(C6H5NH)2(OH)j.  Found. 

Br  21.62  21.59 

CgHBr(C6H5NH)j02  contains  21.68  per  cent  of  bromine. 

Our  results  are  obviously  insufficient  to  establish  the  nature 
of  this  substance  with  certainty,  which  must  be  left  to  future 
experiments. 

If  common  (undried)  ether  was  used,  a  different  result  was 
obtained.  A  saturated  solution  of  dianilinodibromorthoqui- 
none  in  commercial  ether  was  saturated  with  sulphurous  di- 
oxide and  allowed  to  stand  at  ordinary  temperatures.  After 
twelve  hours  it  had  deposited  a  considerable  amount  of  a 
white  body  in  long,  fine  needles,  and  about  one-tenth  as  much 
of  dark-colored  crystals,  in  which  three  different  forms  were 
recognized — large,  amber-colored  needles  in  feather-like  ag- 
gregations ;  minute,  dark-colored,  hexagonal  plates ;  and 
blunt,  rounded  needles  crossing  at  an  angle  of  about  60°. 
These  three  substances  were  present  in  such  small  quantities 
that  only  a  qualitative  study  could  be  made  of  them.  They 
dissolved  easily  in  alcohol,  and  the  solution  gave  a  heavy, 
white  precipitate  with  plumbic  acetate,  which  was  soluble  in 
acetic  acid.  They  also  gave  a  deep-green  color  with  ferric 
chloride.  From  these  observations  we  infer  that  one  or  more 
are  substituted  pyrocatechins.  The  amber-colored  needles 
melted  (impure)  from  160°  to  163°. 

The  white  substance,  which  was  the  principal  product  of 
the  reaction,  was  roughly  separated  from  the  dark  crystals  by 
decantation,  and  crystallized  from  a  mixture  of  alcohol  and 
ether  (1:3).  It  formed  long,  white  needles  and  was  decid- 
edly stable  for  a  substance  of  this  group.  It  did  not  melt  be- 
low 300°  and  was  slightly  soluble  in  cold  water,  more  easily 
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in  hot ;  very  freely  soluble  in  methyl  or  ethyl  alcohol ;  almost 
insoluble  in  ether  or  benzol.  Its  aqueous  solution  gave  a  pre- 
cipitate with  argentic  nitrate,  and  the  substance  could  be 
salted  out  of  its  aqueous  solution  with  salt  or  hydrochloric 
acid.  Very  dilute  sodic  hydrate  dissolved  it,  giving  a  clear, 
greenish  solution  ;  cold,  strong  sodic  hydrate  seemed  to  have 
no  action  on  it,  but  when  hot  decomposed  it.  All  these  prop- 
erties indicate  that  it  is  a  bromide.  Its  alcoholic  solution 
gives  a  slight  precipitate  with  plumbic  acetate,  and  ferric 
chloride  imparts  a  slight  green  color  to  it,  so  that  it  may  be  a 
pyrocatechin.  Unfortunately,  we  did  not  succeed  in  purifying 
it  thoroughly  for  analysis,  three  different  samples  giving  the 
following  percentages  of  bromine,  35.11,  37.01,  37.81,  so  that 
we  can  make  no  definite  statement  about  its  composition.  It 
seems  possible,  however,  that  it  is  a  pyrocatechin  ether  de- 
rivative, as  C,Br,(CeH,NH),0,C6(CeH,NH),(OH),2HBr  con- 
tains 35.56  per  cent  of  bromine  ;  but,  on  the  other  hand,  it  is 
hard  to  bring  the  formation  of  such  an  ether  into  harmony 
with  the  most  probable  structure  for  the  dianilinodibromor- 
thoquinone,  02i,2.(CgH5NH)j4,5.Br3,6.  The  more  thorough 
study  of  this  interesting  substance  will  be  taken  up  in  this 
laboratory  in  the  near  future. 

Attempts  to  prepare  analogous  pyrocatechin  ethers  from 
pyrocatechin  or  tetrabrompyrocatechin  by  the  action  of 
sulphurous  dioxide  in  ethereal  solution  led  to  no  result. 

The  hexabromorthoquinopyrocatechin  ether,  when  treated 
with  aniline,  gave  the  same  products  as  the  tetrabromortho- 
quinone. 


A  BUNSEN  MEMORIAI.. 

A  movement  is  on  foot  to  erect  a  suitable  memorial  in 
honor  of  Robert  Bunsen  in  Heidelberg,  where  he  lived  and 
labored  for  nearly  half  a  century.  The  arrangements  are  in 
charge  of  Professor  Curtius,  who  is  aided  by  a  large  commit- 
tee of  prominent  chemists  in  Europe  and  America.  This 
country  is  represented  by  Professors  Jackson,  Michael,  and 
Nef. 
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It  is  hoped  that  all  former  students  and  friends  of  Bunsen 
will  show  their  interest  in  the  work  by  subscribing  to  the  fund 
which  is  being  raised.  Professor  C.  Loring  Jackson,  Cam- 
bridge, Mass.,  has  consented  to  act  as  treasurer  for  the 
American  fund,  and  all  subscriptions  should  be  sent  to  him. 
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Chemical  Exercises  for  Classroom  and  Home  Study.  By  Rufus 
P.  Williams,  Teacher  of  Chemistry  in  the  English  High  School, 
Boston,  and  Author  of  Elements  of  Chemistry,  Chemical  Experi- 
ments, etc.     Boston  :  Ginn  &  Co.     1903. 

These  exercises  are  printed  as  headings  on  a  letter-pad. 
The  space  below  and  on  the  reverse  of  the  leaf  is  to  be  filled 
by  the  student.  The  leaves  are  detachable.  There  are  100 
exercises  covering  inorganic  chemistry  as  commonly  taught 
in  the  first  year  of  a  college  course.  The  questions  are  ad- 
mirably chosen,  and  the  result  of  the  use  of  the  exercises 
must  be  beneficial.  E.  R. 

A  Text-book  of  Quantitative  Chemical  Analysis.  By  Frank 
Julian.  Illustrated.  First  Edition.  St.  Paul,  Minn. :  The  Ramsay 
Publishing  Co.     pp.  604. 

Of  the  five  parts  into  which  the  subject  matter  of  this  vol- 
ume is  divided,  the  first  deals  with  the  general  principles 
which  underlie  the  methods  of  quantitative  analysis,  and  the 
operations  which  are  common  to  all  analyses.  It  is  divided 
into  nine  chapters,  including  those  upon  methods  of  sampling, 
the  purchase  and  care  of  balances  and  weights,  the  processes 
of  solution,  evaporation,  precipitation,  filtration,  and  the  like, 
the  principles  of  volumetric  and  gas  analysis,  "  attributive 
methods,"  and  calculation  of  analyses,  and  a  discussion  of 
errors  and  precautions. 

Part  2  comprises  a  detailed  description  of  twenty-four  prac- 
tice exercises  in  analysis,  including  such  substances  as  alco- 
hol, coffee,  standard  acid  and  alkali,  vinegar,  chloral  hj^- 
drate,  hydrastis,  standard  permanganate,  forge  scale,  chrome 
yellow,  metol,  galena,  lard,  air,  and  wollastonite. 

Part  3  is  devoted  to  special  methods  and  technical  analy- 
sis, the  former  including  the  processes  of  colorimetry,  fire  as- 
say, electrolysis,  ultimate  and  proximate  organic  analysis, 
and  chlorimetry,  which  are  applied,  among  other  instances,  to 
irons  and  steels,  iron  ores,  coal,  natural  waters,  fertilizers,  the 
alcohols  and  alkaloids,  tannins,  carbohydrates,  oils,  fats, 
soaps,  milk,  butter,  urine,  and  the  organic  dyestuffs. 
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Part  4  contains  more  ' '  notes  and  observations  relating  to 
the  principles  and  practice  of  the  art  in  general  that  may  be  of 
interest  to  the  student,"  and  an  appendix  presents  a  still 
further  discussion  of  ' '  certain  phases  of  the  important  sub- 
ject of  the  practice  of  technical  and  industrial  chemical  analy- 
sis."    The  appendix  also  contains  tables  and  an  index. 

The  author,  in  his  preface,  states  that  the  volume  is  in- 
tended to  aid  students  who  can  devote  but  a  limited  time  to 
the  study  of  quantitative  analysis,  and  that  he  deems  it  wise 
to  present  a  ' '  general  view  of  the  art  as  practised  at  this 
time,"  for  which  purpose  he  avoids  minutely  detailed  direc- 
tions, as  far  as  possible,  giving  greater  prominence  to  under- 
lying principles,  in  order  that  the  student  may,  thereby,  ob- 
tain a  broader  view  and  ' '  a  more  comprehensive  knowledge 
of  the  art  than  is  afforded  by  the  study  of  a  string  of  detailed 
recipes,  however  practically  useful  they  may  be."  The  vol- 
ume is  also  intended  as  an  "introduction  to  monographs  on 
special  departments  of  technical  analysis." 

In  pursuance  of  the  purpose  thus  outlined,  the  author  has 
brought  together  a  mass  of  material  which  has  involved  much 
careful  thought  and  compilation,  and  contains  a  great  deal  of 
useful  suggestion  and  sound  advice,  which  cannot  fail  to  be 
of  great  value  to  the  student  (or  the  general  reader)  provided 
he  has  the  patience  and  perseverance  to  ferret  it  out  of  the 
600  or  more  pages  of  inexcusably  fine  print.  That  the  idea 
of  laying  stress  upon  principles  of  general  application  as  well 
as  upon  the  details  and  the  technique  of  manipulation  is 
sound,  no  good  teacher  of  analytical  chemistry  will  question. 
It  would  seem,  however,  that  in  this  text-book  the  author  has 
enunciated  general  principles  at  such  great  length,  and  has 
substituted  general  statements  for  vital  details  to  such  an  ex- 
tent, that  the  book  falls  short  of  furnishing  effective  aid  to 
either  student  or  practising  analyst ;  because,  in  a  large  num- 
ber of  instances  no  references  are  given  which  enable  the 
reader  to  turn  to  original  sources  of  information  regarding  the 
processes  mentioned.  So  far  as  such  references  are  given,  how- 
ever, assuming  that  a  chemical  library  is  at  the  command  of  the 
reader,  this  volume  may  be  found  useful,  in  that  it  furnishes 
a  general  discussion  of  the  methods  in  use  for  a  particular  pur- 
pose. 

The  author's  pen  moves  freely  and  he  has  allowed  himsel^ 
almost  unlimited  space  in  the  expression  of  his  ideas.  As  a 
result  there  is  considerable  repetition  (especially  of  material 
in  Parts  i,  4,  and  the  appendix)  and  the  force  of  many  state- 
ments is  likely  to  be  lost  upon  the  student  because  of  their 
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lengthy  presentation.  It  is  hardly  conceivable  that  the  be- 
ginner will  be  able  to  assimilate  the  directions  and  advice  in- 
cluded in  20I  pages  of  fine  print,  and  he  will  find  it  difl&cult 
to  sift  out  of  these  pages  the  vital  points. 

The  intermingling  of  proximate  and  ultimate  methods  of 
analysis  in  the  exercises  for  practice,  a  part  of  which  are 
enumerated  above,  is  unusual  and  seems  to  present  difficul- 
ties of  manipulation  and  of  interpretation  of  results,  which, 
would  be  confusing  to  the  beginner  even  though  he  is  asked 
to  make  a  "  determination  of  the  atomic  weight  of  chlorine'^ 
as  his  third  exercise.  The  weighing  of  ammonium  sulphate 
(p.  221)  as  a  representative  method  for  the  standardization  of 
a  sulphuric  acid  solution  does  not  appear  to  be  a  fortunate 
choice,  and  the  use  of  phenolphthalein  as  an  indicator  with- 
out making  any  provision  for  the  presence  of  carbonate  in  the 
caustic  soda  (p.  223)  is  inaccurate.  The  statement  (p.  192) 
that  weighing  to  the  nearest  milligram  is,  in  general,  suffi- 
ciently exact  will  hardly  hold  true  in  practice  where  the 
analyst  is  often  compelled  to  work  with  a  small  weight  of  ma- 
terial, and  the  qualifying  statement  will  hardly  safeguard  the 
student  from  gaining  an  erroneous  impression.  The  state- 
ment (p.  103)  that  crucibles  need  not  be  cooled  in  a  desicca- 
tor after  ignition,  if  weighed  as  soon  as  cool,  seems  to  take  no 
account  of  the  condensation  of  moisture  on  the  surface  of  the 
crucible  itself,  and  that  this  may  vary  in  amount  from  hour  to 
hour. 

It  is,  perhaps,  a  minor  criticism  that  the  use  of  such  words 
as  "  succussion"  for  bumping,  "  encysted"  for  enclosed,  "ex- 
trinsic" for  outside,  and  "plications"  for  folds,  seems  cum- 
brous in  a  scientific  treatise  for  beginners.  The  substitution 
of  "  preventative"  (p.  193)  for  preventive  is,  doubtless,  an 
accident  of  proof-reading,  to  which  may  also  be  attributed  the 
large  number  of  badly  printed  symbols  throughout  the  vol- 
ume. 

The  volume  contains  a  great  deal  that  is  of  interest  and 
value  to  analysts,  and,  while  its  success  as  a  text-book  for  be- 
ginners, if  used  alone,  may  be  somewhat  problematical,  it  may 
well  serve  a  useful  purpose  for  teachers  and  practising  analysts 
as  a  reference  book  in  conjunction  with  other  works. 

H.  p.  T. 

Handbook  of  Technical  Gas-Analysis.  By  Clemens  Winkler, 
Ph.D.,  Professor  of  Chemistry  at  the  Freiberg  Mining  Academy. 
Second  English  Edition.  Translated  from  the  Third  German  Edi- 
tion, with  some  Additions,  by  George  Lunge,  Ph.D.,  Professor  of 
Technical  Chemistry  in  the  Federal  Polytechnic  School,  Zurich. 
London  :  Gurney  &  Jackson.     1902.     pp.  190. 

The  present  translation  of  Winkler's  Technical  Gas-Analy- 
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sis  appears  as  an  important  and  opportune  contribution  to  the 
literature  of  gas-analysis-.  Professor  Lunge  states  in  his 
preface  that  although  the  book  is  published  as  the  second 
English  edition,  it  really  represents  the  third  German  edition 
of  Winkler's  work.  The  general  arrangement  of  the  book  is 
the  same  as  in  the  preceding  edition,  from  which  it  differs 
mainly  by  presenting  a  more  thorough  and  detailed  discus- 
sion of  known  reactions  in  the  light  of  recent  literature,  rather 
than  by  material  additions  of  new  methods.  A  chapter  is  de- 
voted to  the  collection  and  preservation  of  gas  samples.  In 
the  second  and  third  chapters  are  considered  the  commonly 
used  methods  of  gas-measurement,  the  determination  of  the 
specific  gravities  of  gases,  and  the  various  rapid  methods  of 
analysis  devised  by  Winkler,  Hempel,  and  L,unge.  Special 
methods  are  discussed  for  the  determination  of  carbon  dioxide 
in  air,  the  determination  of  fire-damp  in  the  air  of  mines,  and 
for  the  examination  of  gases  resulting  in  various  chemical 
manufacturing  operations.  Some  useful  tables  follow.  The 
solubility  of  gases  in  water  and  other  liquids  over  which  they 
are  measured  has  always  presented  a  serious  obstacle  to  the 
satisfactory  utilization  of  many  reactions  which  are  noted  for 
their  sharpness  and  adaptability  to  gasometric  methods.  Al- 
though in  an  indirect  manner  and  without  special  reference, 
to  this  always  present  difl&culty,  Winkler  offers  man}'  useful 
suggestions  for  overcoming  errors  incidental  to  gasometric 
work,  and  presents  a  brief  but  excellent  treatise.  Chemists 
will  find  this  a  valuable  book.  f.  c.  p. 

Principles  of  Dyeing.  By  G.  S.  Fraps,  Ph.D.,  Sometime  Fellow, 
Johns  Hopkins  University,  Assistant  Professor  of  Chemistry,  North 
Carolina  College  of  Agriculture  and  Mechanic  Arts.  pp.  xii  Ar  270, 
with  22  illustrations  in  the  text.  New  York  :  The  Macmillan  Com- 
pany.    1903.     Price,  $1.60. 

The  author  states  in  the  preface  that  ' '  this  book  is  the  re- 
sult of  two  years'  instruction  in  dyeing  in  the  classroom  and 
in  the  laborator5\  It  aims  to  be  a  systematic  presentation  of 
the  principles  underlying  the  art  of  dyeing  and  emphasized 
by  laboratory  exercises.  It  attempts  to  apply  to  the  teaching 
of  dyeing  the  same  methods  of  classroom  work,  which  have 
proved  so  successful  in  the  teaching  of  inorganic  chemistry 
and  other  branches  of  the  science." 

The  plan  of  study,  which  is  followed,  is  to  take  two  mem- 
bers of  the  first  group  of  dyes  and  study  these  with  special 
reference  to  their  action  toward  the  different  fibers.  Mem- 
bers of  the  second  group  of  dyes  are  then  taken  up,  and  so 
on  till  all  the  groups  have  been  considered. 
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A  clear  idea  of  the  relations  between  the  groups  of  dyes, 
their  general  properties,  and  their  behavior  towards  different 
fibers  having  been  gained  in  this  way,  the  study  of  the  groups 
of  textile  fibers  is  then  taken  up. 

Following  this  comes  the  consideration  of  the  machinery 
for  dyeing  and  bleaching,  and  the  methods  of  preparing  the 
fibers  or  fabrics  for  the  dyeing  proper.  Finally,  the  different 
groups  of  dyes  are  studied  with  the  principles  involved  in 
their  application  to  the  different  classes  of  material. 

The  book  contains  seventy-nine  experiments  to  be  per- 
formed by  the  student  in  the  laboratory,  these  experiments 
being,  so  far  as  practicable,  the  processes  used  in  dye-house 
work. 

It  is  particularly  unfortunate  that  the  theories  of  dyeing 
given  by  the  author  on  pages  51  and  52,  are  stated  so  briefly 
and  also  incorrectly.  This  part  of  the  book  should  certainly 
be  rewritten. 

The  book  is  well  printed  and  bound  and  is  provided  with 
an  excellent  index.  It  can  be  most  heartily  recommended  as 
a  text-book  to  those  desiring  to  teach  or  study  the  principles 
of  dyeing.  •     w.  R.  o. 

Introduction  to  thb  Rarer  Ei<kments.  By  Phii^ip  E.  Browning, 
Ph.D.,  Assistant  Professor  of  Chetaistry,  Kent  Chemical  Labora- 
tory, Yale  University,  New  York  :  John  Wiley  &  Sons ;  London  : 
Chapman  &  Hall,  Limited.  1903.  8vo.  pp.  viii+157.  Cloth,  ;gi. 50, 
net. 

According  to  the  preface,  "  This  small  volume,  prepared 
from  material  used  by  the  author  in  a  short  lecture-course 
given  at  Yale  University,  is  intended  to  serve  as  a  convenient 
handbook  in  the  introductory  study  of  the  rarer  elements  ; 
that  is,  of  those  elements  which  are  not  always  taken  up  in  a 
general  cause  in  chemistry." 

Advanced  students  ought  certainly  to  pay  more  attention 
to  these  "rarer  elements"  than  they  commonly  do,  and  this 
book  will  help  them.  The  time  required  for  a  course  like  that 
laid  out  would  be  well  spent.  The  book  is  clearly  written  and 
the  directions  for  laboratory  work  are  to  the  point. 

The  chapter  devoted  to  gold  is  especially  interesting.  It  is 
stated  here  that  "  As  far  back  as  3600  B.  C.  in  the  Egyptian 
code  of  Menes,  a  ratio  of  value  between  gold  and  silver  ( 2.5  :  i ) 
is  mentioned."  Apparently  they  did  more  for  silver  in  those 
days  than  the  silver-tongued  orator  of  the  Chicago  convention 
has  since  then  hoped  for  and  insisted  upon. 

The  last  chapter  of  the  book  treats  of  the  newly  discovered 
gases  of  the  atmosphere  and  ' '  recent  unconfirmed  discoveries. '  * 
Even  victorium,  polonium,  radium,  and  carolinium  find  men- 
tion here.  i.  r. 
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CijH204Brg.     Hexabromorthodioxypyrocatechin  ether.    Jackson  a,nA  Porter 525 

Ci3Hn04N3.    Diacetylphenylurazole.     IVfueUr  and  Johnson 37 

CisHijOjNj.    p,v-Dicyaiio-a,5-diketoadipic  ethyl  ester.    Michael 160 

CijHijOjNa.     i-Phenyl-3,5-diethylurazole.     U^heeUr  SluA  Johnson 38 

4  XII. 

Ci2H702NjBr8.    Tribromnitrodiphenylamine.   Jackson  and  Fiske 77 

C13-GROUP. 

CisHjCle.    Tetrachlorbenzophenone  chloride.    Norris  &nA  Twieg 398 

C13H8CI4.    Dichlorbenzophenone  chlorides.    Norris  sltxA.  Twieg 395 

Ci3H8Br4.    /-Dibromdiphenylmethylene  bromide.     Goldthwaite 451 

CisHQBra.    /-Dibromdiphenylmethyl  bromide.     Goldthwaite 449 

CisHioBrj.    ^-Dibromdiphenylmethane.     Goldthwaite 448 

Also  the  o,p-  and  o-compounds. 

C13H12NJ.    ^-Amidobenzylideneaniline.    Alway  And.  IValker no 

3  XIII. 

CisHgOBrj.    ^-Dibrombenzhydrol.     Goldthwaite 457 

Also  the  o,p-  and  o-compounds. 

CisHgOCls.    Dichlorbenzophenones.    Norris  and  Twieg 396 

CisHsOBrj.    ^-Dibrombenzophenone.     Goldthwaite 451 

Also  the  o,p-  andtJ-compounds. 

C13H11ON.    Benzanilide.     IVheeler  and  Johnson 34 

C13H12O2N2.    /-Nitrobenzylaniline.    A  Iway  and  IValker 105 

C13H13N3S.    Diphenylthiosemicarbazide.   Johnson  and  Bristol 173 

C13H17O4N.    Ethyl  anilinomalonate.     Curtiss 133 

4  XIII. 

CisHgONBr.    /-Bromphenyl  indoxazene.     Goldthwaite 454 

Ci3HgONBr2.    ^-Dibrombenzophenone  oxime.     Goldthwaite 452 

Also  the  ©./-compound. 

CwHgNClBr.    /-Brombenzanilideimide  chloride.     Wheeler  and  Johnson 34 

C13H9O3NS.    Anil  of  o-sulphobenzoic  acid.    Remsen  and  Holmes 275 

C18H9O4SCI.    Orthosulphone  chloride  of  phenyl  benzoate.    Remsen  and  Hum- 
phreys    302 

C1SH9O7NS.    Monophenyl/-nitro-o-sulphobenzoate.     Chatnbers 377 

CisHioONBr.    ^-Brombenzanilide.     Wheeler  andjohnson 34 

C13H10O6N2S.    Phenyl /-nitro-o-sulphaminebenzoate.     Chambers    385 

CJ8H11O4NS.    Phenyl  o-carbaminebenzenesulphonate.    Remsen  and  Humphreys  300 

C18H11O4NS.    Phenyl  o-sulphaminebenzoate.    Remsen  and  Humphreys 294 

5  XIII. 

CisH808NSBr.    Anil  of  parabromorthosulphobenzoic  acid.    Blanchard 493 

C18H8O6NSCI.    /-Nitro-o-sulphone  chloride  of  phenyl  benzoate.     Chambers....  376 

CisHaOjNSK.    Potassium  phenyl /-nitro-<j-sulphobenzoate.     Chambers 378 

C14-GROUP. 

C14H1JO2N2.    Benzoylphenylurea.    Stieglitz  and  Earle 418 

ChHi80jN2.     Ethyl  nitrosoorthotoluidinomalonate.     Curtiss 137 

Also  the  meta-  and  para-compounds. 


Index.  557 


C14H19O4N.    Ethyl  orthotoluidinomalonate.     Curiiss 135 

Also  the  hydrochloride  and  the  corresponding  meta-  and  para-com- 
pounds. 

4  XIV. 

CuHioOjNCl.      Dibenzoylchloramine    (dibenzoylchlorimide).      Stieglitz    and 

Earle 420 

Ci4Hio03N2Br4.    Methoxydibromazoxybenzol.    Jackson  amA  Fiske 60 

C14H11O3N2CI.    Benzoyl-/-chlorphenylurea.    Stieglitz  sluA  Earle *i6 

C14H11O4SCI.    Orthosulphone  chloride  of  o-cresyl  benzoate.    Remsen  and  Hum- 
phreys   309 

C14H12ONCI.    Anisanilidcimide  chloride.     IVheeler  xnA  Johnson 37 

C14H1JO4NS.    Cresyl  o-sulphaminebenzoate.    Remsen  2016.  Humphreys 299 

5  XIV. 

CmHioOjNSCI.    /-Nitro-o-sulphone  chloride  of  o-cresyl  benzoate.     Chambers  . .       379 
Also  the /-cresyl  compound. 

C15-GROUP. 

Ci5Hij02Brj.    /-Dibrombenzhydrol  acetate.     Goldthwaite 456 

Also  the  o,p-  and  o-compounds. 

C15H1JO2N.    Acetbenzanilide.     IVheeler  and  Johnson 35 

CuHnOBrj.    /-Dibrombenzhydrol  ethyl  ether.     Goldthwaite 461 

CisHijNjSj.       o.c-Diphenyl-i-thiolmethylpseudodithiobiuret.       Johnson     and 

Elmer 176 

Cie-GROUP. 

CwHijOjN.    Benzoylphenylurethane.     H^heeler  a.ad  Johnson 35 

CwHiyNaSj.    a,c-Diphenyl-a-methyl-i-thiolmethylpseudodithiobiuret.     Johnson 

and  Elmer 177 

CUH17N3SJ.  a,c-Diphenyl-i-thiolethylpseudodithiobiuret.  Johnson  and  Cramer  181 
CibHitNsSj.      a-Phenyl-c-orthotolyl-i-thiolmethylpseudodithiobiuret.     Johnson 

and  Cramer 180 

CieHi7NjS3.    a,o-Tolyl-c-phenyl-i-thiolmethylpseudodithiobiuret.   Johnson  and 

Cramer 179 

CUH17N3S3.    a,/-Tolyl-c-phenyl-i-thiolmethylpseudodithiobiuret.   Johnson  and 

Bristol 174 

4  XVI. 

Ci«Hi408N,Br4.    Ethoxydibromazoxybenzol.    Johnson  and  Eisie 65 

CuHuOioSjBa.  Barium  orthosulphonate  of  methyl  benzoate.  Remsen  and  Bird  270 
CjeHisNtSjI.    o.c-Diphenyl-i.a-thiolmethyldipseudodithiobiuret.     Johnson  and 

Elmer 177 

C„-GROUP. 

CnHuNaSi.     a,c-Diorthotolyl-i-tliiolmethylpseudodithiobiuret.    Johnson     and 

Cramer 182 

CitHijNsSj.    a-Phenyl-c-orthotolyl-i-thiolethylpseud»dithiobiuret.  Johnson  and 

Cramer i8x 

CwHijNsSj.  a,^-Tolyl-a-mcthyl-c-phenyl-i-thiolmethylpseudodithiobiuret.yoA»- 

son  and  Bristol 175 

CjjHuNsSa.     a,o-Tolyl-c-phenyl-i-thiolethylpseudodithiobiuret,     Johnson  and 

Cramer x8o 
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C17H19N3S2.    o,o-Tolyl-c-phenyl-i,a-thiolmethyldipseudodithiobiuret.      Johnson 

and  Cramer 179 

C17H19N3S2.     a,^-Tolyl-c-phenyl-i,2-thiolmethyldipseudodithiobiuret.    Johnson 

and  Bristol ..        174 

C18-GROUP. 

CisHjiNaSj.      a,c-Diorthotolyl-i-thiolethylpseudodithiobiuret.      Johnson      and 

Cramer 181 

4  XVIII. 

CisHijOaNjBra.    Dianilinodibromorthobenzoquinone.    Jackson  a.nA  Porter 526 

5  XVIII. 

CisHisOwNaSsBa.    Barium  ethyl  ^nitro-o-sulphobenzoate.     Chambers 389 

C19-GROUP. 
Ci9Hi4Brj.    /-Dibromtriphenylmethane.     Goldthwaite 463 

3  XIX. 

CigHgOsBrg.     Monobenzoyl    derivative   of    hexabromorthodioxypyrocatechin 

ether.   Jackson  and.  Porter 525 

C19H14O6S.    Diphenyl  ester  of  o-sulphobenzoic  acid.     Remsen  and  Humphreys.        294 

4  XIX. 

CigHiiOnNgS.    Dinitrophenyl  ester  of  ^-nitro-o-sulphobenzoic  acid.      Chambers  382 

C19H13O7NS.    Diphenyl  >-nitro-o-sulphobenzoate.     Chambers 394 

C19H16O3N2S.    Anilides  of  o-sulphobenzoic  acid.    Remsen  and  Holmes 275 

Ci9Hi603N2Br3.    Addition-compound  of  methyl  alcohol  and  dianilinodibromor- 

thobenzoquinone.   Jackson  aud  Porter 531 

5  XIX. 

CigHiaOoNjSBr.    Dianil  of  parabromorthosulphobenroic  acid.    Blanchard 497 

Ci9HiB03N2SBr.    Anilides  of  parabromorthosulphobenzoic  acid.    Blanchard. . .        491 

C20-GROUP. 

C2oH9N2Br8.    Diphenylenetribromquinoxaline.    Jackson  and  Fiske 79 

C2oHiiN2Br3.    Diphenyltribromquinoxaline.   Jackson  and  Fiske 79 

CjoHhO^No.    M-Nitrobenzoylbenzanilide.     Wheeler  slmA  Johnson 37 

C20H17O4N8.    i«-^-Nitrobenzylaniline.    A  Iway  Z-nd  Walker 108 

4  XX. 

CsoHi402NBr.    ^Brombenzoylbenzanilide.     Wheeler  Vind.  Johnson 33 

C8oHi803N2Br3.    Addition-compound  of  ethyl  alcohol  and  dianilinodibromor- 

thobenzoquinone.    Jackson  and  Porter 529 

5  XX. 

CioHjoOuNjSaBa.    Barium  propyl />-nitro-<»-sulphobenzoate.    Chambers 391 

Cji-GROUP. 
C21H17O3N.    Benzoylanisanilide.     Wheeler  a,nA  Johnson 36 
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•CnHijNsSj.    a,c-Diphenyl-i-thiolbenzylpseudodithiobiuret.     Jackson  and  Bris- 
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■C21H17O7NS.    Di-o-cresyl  ester  of /-nitro-o-sulphobenzoic  acid.     Chambers 379 

Also  the^-cresyl  ester. 

C,2-GROUP. 

CmHijNsSj.    Triazine   (?)   made   from  phenylthiolbenzylpseudothiourea   and 

benzoyl  isothiocyanate.   Johnson  z.t\^  Elmer 178 

CjjHisOgN.    Oxyphenylethylaraine  in  cheese.     Van  Sfyke  and  Hart 8 

C,^-GROUP. 

CiiHigONj.    Dianilinoparaquinoneanil.  Jackson  and  Porter 534 

4  XXVl. 

Cs4Hi80N3Br.    Dianilinobromparaquinoneanil.   Jackson  and  Porter 531 

■CMHigOaNsBrj.    Addition-compound  of  aniline  and  dianilinodibromorthobenzo- 

quinone.    Jackson  and  Porter 527 

C26-GROUP. 

CiaHuBri.    /-Tetrabromtetraphenylethylene.     Goldthwaite 455 

Cs«HigBr4.    ^-Tetrabromtetraphenylethane.     Goldthwaite 458 

3XXVl. 

Ca«Hi80Br4.    ^Dibrombenzhydrol  ether.    Goldthwaite 460 

CjsHsoONj.    Benzoylbenzenyldiphenylamidine.      Wheeler  and  Johnson 36 

C26H25ON4.    ^Azoxybenzylideneaniline.    Alway  and  Walker 109 

5   XXVl. 

CjjHisOMNjSjBa.    Barium  phenyl  ^-nitro-o-sulphobenzoate.     Chambers 378 

C27-GROUP. 
CS7H17O7NS.    P-Naphthyl  ester  of  >-nitro-o-sulphobenzoic  acid.     Chambers  ...        384 

Cgg-GROUP. 

C88H5e04N4Br2.    Substance  formed  by  the  reduction  of  dianilinodibromortho- 

quinone.   Jackson  and  Porter 535 
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